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MOMPABKUM 


B cratpee VW. JI. Kuyuauua, B. B. Wlokunot wiJin Uxu-toans <«llep- 
@TOpAHeHbIy, NOMeLLEHHOH B JOU Nal, a tS) IN ee IS) ses 
Ha cTp. 328, crpoka 15 cxemy peak cileqyeT UMTATb: 


n-CF, = CF, + CF2Cl — CFCIJ | CF,Cl — CFCl (CFz — CF2),_, CF2CF2J; 


Ha cTp 330, crpoka 29 sBMecro HaneyaTaHHoro 104 r TeTpaxnopfoqeKaqueHa cueqyer 
autatb: 104 r terpaxsopfoyekana. 


, B cratee VW. JI. Kn yuauua, E. A. Mepposot u B. B. Tonenesonk «Opuppi 
‘nepbTopankeHuociuHOBEIX KuCcIOT», MomMemeHHow B JLAH, r. 129, Ne 3, 1959 r.: 
a) Ha cTp. 576, crpoka 15 mesyio uacTb (OpMYybI ceyeT YHTATb: 


OR 
Ta 
>C=CF,+:P—OR—- ore 
t ; 
nema oe OS 


6) Ha crp. 576, crpoka9 cnusy pay, H306paxaloulH aKTHBHOCTb B PAY ONepuHOB, cmep 
yet UHTAaTb: rf 
te — CF Chae 
eee C= CP, > CF;CF = CF Ch, = CH 
CF) — CF CF,” 2 3 2 > CFe 2 


\ 


Neow2 = O59 nie 
Ha cTp. 448, crpoxa 8 pmecro, H2038 nomxKuo 6uiTb H,0}8; i 
Ha ToH, %e cCTpaHune mpeanocnequaa crpoKa} Ta61. 1 oTHOcHTcA K BapHanTpi, 
H,0 — O88, 


i 


Ha crp. 449, crpoxa 27, smecro H,O — H}® yomxKuo 6piTp HO — O}8. 


ee EE ee eee 
T-00432 Tlognucano K neuatu 13 I] 1960 r. Tupax 54100 9x3. 3aKas 25)! 
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2-a Tanorpapua H3yqatenpetaa Akagemuu uayx CCCP. Mocksa, Iyounckui nep., 10 9 


Aokuayn Akaygemuu nayx CCCP 
1960. Tom 130, Ne 6 


MATEMATHKA 


A. A. JE3HH 


CHCTEMbI NEPBOFO MOPAKA, OMPEXEJIEHHbIE 
HA PHMAHOBOM MHOPOOBPA3HH 


(ITpedcmaeneno axademuxom C. JI. Co6onestim 5 XI 1959) 


B crarbe (*) Obiia paccMoTpeHa OfHa CllellMasIbHaa CMCTeMa MepBoro NopssKa, 
cofepKailad 8 Heu3BeCTHBIX PYHKWHH OT 4 He3aBHCHMbIX MepeMeHHEIx. Mpr 
MpHBeqeM N-MepHbid aHasOr yKa3aHHOM CHCTeMbl, MOKa3aB, U4TO JIeBad 4acTb 
CHCTeM PpaCCMaTPHBaeMOrO THNa 3alHCbIBaeTCA MPH MOMOULH OMepaTopa BHEeLI- 
Hero Judpp2penitupopanHua HW MeTPHYeCKH COMpsAxKeHHOrTO C HMM Oneparopa, 
a COBOKYMHOCTb HeH3BeCTHbIX MOXKeT PaCCMATPHBaTbCA KAaK COBOKYMHOCTb 
Auppepenivalbuptx opm. Takaa 3amvcb mpvaaer cucTeMe MHBapHvaHTHblli 
MapakTep, MO3BOJIAIOULMH pPaCCMaTPHBaTb ee Ha MpPOH3BOJIbHOM PHMAaHOBOM 
MHOrooOpa3HH. OpTOroHasbHble pa3JIOXKeHHA,  MO3BOJAIOULHe  BbIACHHTb 
CTPpyKTypy cCHCTeMbf, MOryT ObITb MOJy4eHb! B OOWeM Cy4Yae H3 TeOpeMbI 
Koygaupa (*). 

Jif KOMNAKTHOTO MHOrooOpa3HA HanOOulee YHOOHO HCNOIb3OBaHHe pa3zs0xKe- 
Huu B dopme, mpedmoxweHHoH B (3). Mocrpoenua B(*), HemocpeycTBeHHO 0606- 
UlaeMble Ha M-MepHbIM CJlydal, COOTBeTCTBYIOT PpaCCMOTpeHHIO MHOrooOpa3Ha, 
TONOJIOPH4eCKH 3KBHBa/IeHTHOrO TOpy. B 93TOM cilyyae yCJOBHA HOPMHpoBKu 
{1) 18 mpaBpix 4acTeH, OOecneyHMBalOlWve pa3peWIMMOCTb, MOryT TPpaKTOBaTbCcA 
KaK YCJIOBHA OpTOrOHaJIbHOCTH KO BCeM TrapMOHHY¥eCKHM qopmMaM. YcaoBuA 


Ha HCKOMble (opMbpt e, OOecne4uHBalolve OMHO3HAUHY1O OMpeesIeHHOCTb pelile- 
HHA, 3aBMCAT, ECTECTBEHHO, OT FOMOJIOrM4eCKUX XapaKTepHCTHK MHOrooopa3Ha. 
Hekoropbie 3aMe4YaHHA M0 STOMY TOBOJY Mbl CelaeM HMKe. 

OrmeTHM, 4TO OnepaTopbl JeBOH YacTH M3y4aeMbIX CHCTeM WIA cuyy4aA 
SBKJIMJ0Ba MpOCTpaHcTBa MpHBOAMAMCh paoM apropos (*~*) B cBxA3H c 0606- 
WleHHAMM HHTerpasa Tuna Kowiu, oOfHakO crpykKTypa ONepaTOpoB MpH 3TOM 
He HccueqoBalacb. 

Ilepeligem K onucaHuio cucTem (moqpooHoe ompeyeseHve BCexX HCNOMb3y- 
e€MbIX HW2Ke MOHATHA uMmeetca B (*)). Ilyctb V—n-mMepHoe KomMNakKTHOe pH- 
MaHOBO MHorooOpasde 6e3 rpaHHubl. B V mMoxkHO paccMaTpHBaTb uppepeH- 

p 


Dp 
UMabuble (bopMpl w crenenu p(p=0, |, ..., 2), MpH4eM Ha w ONpeseeH OMepaTop 
p Pp 
BHellHero WudppepeHuMpoBaHHA d M AMA ChopM OMMHAKOBOH CTeNeHH w, x OMpe- 
. p Pp 


Ueeno CKaapHoe mpoasseqeHHe (w, x). Takum 00pa30M, MOXKHO paccMaTpH- 
BaTb OlepaTop 6, MeTpHueCKH COMpAXKeHHDIA c d, T. €. CBA3AHHbIM C HAM 


p p+l Be Pl 

CooTHOUI2HHeM (dv, y )=(w, 6 y ). Botnuuiem momHocTbiO MHTepecyrloulue 
Hac CHCTeMbI ypaBHeHud Aa cayyad Nn\4. [Ip sToM AA KamkQoro N Mbl 
OYAeM HMeTb J[B2 CHCTEMbI, ABJIAIOWlMeCA «MeTpHYecKM conpaxeHHbIMMy. JLna 


9BKIM§oBa Mpoctpancrsa cucremp! (K), (K")— Tak Ha3slBaeMble POpMaJIbHO 
k 


p 
CompaAxKeHHbIe. PopMbI © — «HeH3BeCTHHIey (PopMbl.o (cTeneHH k) — 3a],aHHble 
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paBple YaCcTH. CyHcTeMbl HMeIOT BHI 


1 =a 
dw =a, P ae ig ‘ 
1s wont) dw + 6) =a; (Ke) 
6@ = 05 
5 3 2 0 2 1 
dw + dw = a, dw + 60 = a, ’ 
gk otal ke) 2 3 (Ks) 
(Oy — ole daw = 6, 
& 3 2 
dw +- dw = a, 0 weal 
henge dw + do = a, 
d@ =a, (Ky) 2 a) + 924(KQ) 
es a dw + 60 = a, 
do =a: 


Oynopoquaa cuctema (K,)— u3BecTHble ypaBHeHua Benbtpamu. Spyuas 
sanucb (Ks), (Ka) H COOTBeTCTBYIOUMe OPTOrOHaJIbHble pa3ssiowKeHuA OpiaH 


paccmotpeubi B (1). OrmeTHM, uTO xapakTep pa3pemMMocTH (Ks) H (Ka) ana 


cdepbl, HaNpHMep, CYWICCTBeEHHO pa3yIM4eH: OHOposHaA eee (Ke) HMeeT 
0 2 2 0) 2 
TONbKO HYJeBOe peleHHe, Torma Kak ja Kg uMeeM i w= (C, ce 


noctosHuple). Jina tTopa u B cucteme (Kg) pellienwe onpefzenseTca pByMs 
KOHCTaHTaMH. Cnoco6 nepexofa oT cuctembl (K) kK cuHcTeme J oueBH eH. 
Hanpumep: 


a 4 3 2 1 0 3 4 1 2 0 3 2 4 
(do +6 x) + (S, x) + (do, x) = (@, dy + dx) + (@, dy + dy), 


WM MOXKHO ObI0 Obl OFpaHHYHTbCA NpHBeeHveM cucTemMb! (Kn). IpuBezem 
OJ\HaKO, COMNPA2xKeHHY!O CHCTeMY H B OOuIeM cyyyae. 
TIpu uetHom 27: 
1 3 2 i 0 2 af 
dw + 60 =a, dw + do = a, 
3 5 4 2 4 3 
dw + do = a, dw + So = a, 
, tak. Borel be Sy 20 MT eae 
n—3 n—1 r~—2 n—2 n n—1 
oe dw +bo=—a. 
1 0 
dw = a, 
R—1 n 
dO = oh 
[IpH HeveTHOM 7: 
a 3 2 0 2 1 
dw + so =a, dw + do = a, 
3 5 4 2 4 3 
dw + 60 =a, dw + 60 = a, 
® ° . (KA) 7. fe (Ki) 
dw +ds0= a, dwtéso=a, 
1 0 n—1 n 
so = at d-O =Ky 
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Tlepenocs Ha cuctemy (Kn) noctpoenusa (4), nonyuaem, u10 ofHosHauHaA 
PaspelHMOCTb OOeCNeyMBaeTCA YCJIOBHAMH BUA 


k k 
Vv! V 


Ha KOMNOBEHTbI (paccMaTpHBaeMble Kak CKaJIApHble dyHKunH — 0-copmpl) 
WpaBblxX YacTelH H HCKOMBIX opm. 
Tlokaxkem, KaK IPH BBINOJIHCHHH STHX yCOBEH MOXKHO NOCTPoHTb pewe- 


Hue, HanpHMep, cuctempl (K;). Ycnopua (1) c6ecneunpaloT cyulecTBOBaHHe 
pa3IOx%KeHuH 


2 1 3 4 3 5 
a=dy + dy; a=dy,, + dy. 
ES 
B 91HX pa3uloxKeHHAX y ONpeseneno Anos aa) CJI€OBAaTeIbHO, orpese- 


pea eS La M ucKoMaa copma wo! SE Somalis: ypaBHeHHlo- 


Pe = i @unKcHpyeM NPOWSEOLHBIM OOpasoM Li, HM TlOJIOKHM 


1 uy 0 3 3 Air 
=x+dy5 wo=y%y,4+ dy, 
zm a0 


OlipeXeHB y, Y H3 pa3pelMMbIX ypaBHeHHi 


2 2 1 3 0 0 at 
ddy = a—dy —dyy; ddy =a — dy. (2) 
i 4g") ; 
[loctpoeHHble @, w, © ONpeseneHbl OMHO3HAYHO H YOBMETBOPAIOT CHCTe-- 


me (K;). To, uto ycnognsa (1) cOecneunBzIoT B paCCMOTP€HHOM cCylyyae OHO- 
3HauHYIO pa3spelMMoctb cuctem (K), (K*), ycTaHaBnMBaeT, B 4YaCTHOCTH 


U3BECTHBIA baKT, uT0 k-e uucno Berttu n-mepHoro Topa copnapaet c Cy. 

SeMeTHM B 3akJIOUeCHHe, YTO Korga And depeHuHpyemMoe MHOrooOpa3ne 
flonyckaeT Hefed@uHHTHbIN MeTpHYecKHH TeH30p, cHcTeMbI (K), (K*) MoryT 
ObiITb CBASAHbI H C 3THM TeH3OpOM. IIpH MeTpHuecKOM TeH3Ope C CHrHATYPOH, 
paBHoH efMHMUe, NOMyYHM, HanpuMep, HeKOTOpHIH KNacc runepOomMuecKUXx 
CHCTeM. 


Matematnuecknit uucTutyt um. B. A. Creksopa Tloctynus0 
Akayemun Hayk CCCP 27 X 1959 


ITMTHPOBAHHASA JIATEPATYPA 


1A. A. Tesuu, JAH, 127, Ne 3 (1959). * K. qe Pam, AeA easy ary 
mMHoroo6pa3ua, WJ], 1956. § K. Friedrichs, Comm. Pure and Appl. Math., 
955) A" 5. 8B. Bos pckuik, Jlucceptaunsa, MIy, 1954." 5°G. Cy Mo 1st i * Bul 
Sci. Math., 55, *98 (1931). © M. Cc. Wueepcon, Visz. Burcu. yue6u. 3aB., Ne 4 °(1959). 


1185 


Jlorxann Aragemun nayrx CCCP 
1960. Tom _130, N 6 


MATEMATHKA 
B. I. EJIM3APOB 


KOJIbILO UACTHDIX OTHOCHTEJIbHO MPOCTOrO HAEAJIA 


(IIpedcmaenexo axademukom A. H. Maaoyeeoim 6 XI 1959) - 


Ilycth R —~ Npou3B0/IbHOe ACCOMMATMBHO? KOMbIO H S — HeKOTOpad MyJIb- 
THIMIMKATHBHO 3AMKHyTad CHCTeMa ero 9eMeHTOB, COMepauad, Ovltb MOXKET, — 
lequtenu Hya Kombua R, HO He Hydb. Ecna konbuo R umeetT o006u2HHOe 
JIQBO2 KOMSILO YACTHbIX OTHOCHTeIbHO cucTemp! S, To uep23 J  o003HaquM 
JBYCTOPOHHMd HA2aN KOUbia R, ABA WAdCA Mep2cegenuem Bcex ero S-mpo- 
CTbIX HealoB, a Yepes —FromMoMop pHoe oTOOpaxeHue KOMbILA R B KOMbILO 
Ris)_¢ agpom I (?). | 

Jlemma 1. Jana «S020 KoNeuHO2o 4“UCAa anemenmoe x;F Ris) Cyuecm= 
eyem makolt anaemenm s€S,umo 9(s)x;= 9(r,;), ede r,ER. 

JlokKasaTeabcTrs 0.4%; = ([9(s;))4 (4), Tees, 65, 4 C Roe — eee 
Jina s, u smodoro s,@S mo onpesenenuio ugeana J HaliyTcad Takwe 9u1e- 
MeHTHI s’ ES ur’ GR, ato rs; —s’s, EI, T. e. 9 (r’) p(S1) = 9(S’) 9 (Sy) = Gs), 


rye s=s's,@S. Iycrb qua i = 1, ...,a%—1 cyuectByeT Takow SjieMeHy 
s'€S, uto 9(s’) = 9 (r,) p(s), roe r,ER. [aa s’ uw Sp Haliqytca Takae one- 


MeuTEL S”€S wr" GR, 410 9(r") 9 (Sn) = 9(s") P (s’). Torna @ (s)= 9 (s’) p(s’) = 
= o(r)9(s), The mM=S', t= 1,...,2—1. Takum o6pa3om, @ (s) = 
=9(r) (si), THe mar", i=1,..., n. Torna 9 (r:) 9 (Ss) x: = 9 (1) P(A, | 
T. €. p(s) x; = 9(r), roe r,ER. Jlemma joKxasana. 

Ecnu L— aeppli ugean Konpua R, To uepes L° = Risyp(L) o603Ha4uM 
Nepbli Wea Kosbila Ris), MOpOxAeHHbIM MHOxKecTBOM @(L). Ecna Lys) — 
Nesbit wtea Kombia Ris), To yepes Lis) = @ (Lis) G(R)) o603Ha4uM  te- | 
BbIM Weal KOJbua R, ABAAOULMHCA NOMHDIM Mpoobpa3om Ls) (\?P(R). i 

Jlemma 2. Hdean L” cocmoum us mex aaemenmos b€R, Oan Komopolx } 
nalidymca makue aaemenmot sES, LEL, umo sb—1Leél. : 


MokasareabetsBo. Ilycth FER, DEL” = (Rise(L)N¢(R)). Torna} 
9 OER 9(L)=L u 90) = rll), re MER s, WEL. Cymectayerh 


é=1 
(emma 1) Takoli snement s€S, uto 9(s)r/ =o (r), r-€R. Torna 9(s)o()=K 
=o(l), rye 1@L. Cnenoparenbuo, p(sh—l)=0 u sh—JEI. Ecaa ana ] 
b€R wHaliach Takve auements! s@S u LEL, aro sb—lEI, To o (b) =" 
= [¢(s)l* 9) € Ris) (L) = L’. Ho torga be gt (L’N¢(R)) = L”, uw nemmal 
jloKasaHa. 4 
Jlemma 3. L°==Ris) moeda u moasoko mozda, Kozc0a Ona snbolx ane-k 
menHmoe s@S, LlEL1—s€I. I 
Nokxasatenpetso.Ecm L*=R:s) 9 (L)=Rs), 170 L” =o (L? 9)R)) =RE 
Ilo aemme 2 quia mo6oro suementa r€R cymlecrBywT TakHe 3/eMeHTER 
s@éS u l6L, aro sr—Ilel. Ecau r=s’€S, to s's—I6], rue ss’ Gam 
Een Lo Ris), To Ris p(L) Ris). Ecnw 1—se€I, 10 ¢(l) =o(s) 16 
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Risye (L) = L’D Ris) 9 (s)9 1, 1. e. L’= Ris), ato He MoxerT OpiTb. 3na- 
aut, /—s@€J. Jlemma goKa3ana. 

7\syctopounuit ujean P Konbua R Mbl Ha30BeM MpocTHIM, ecu U3 
,%,6P, rae m1GR, r.E@R, cneqyer r1€P usu r,€P. Ecna R —npoas- 
BOJIbHOe ACCOUMATMBHO? KOJIbHO H P—ero cOdcTBeHHHId m)0cTOH upean, TO 
oOosHayumM S=R—P, S —myaeTuniakaTaBpyo 3aMKHyTaA cucTemMa 9u[e- 
MeHTOB KOJIbIla R Oe3 nya. Ecaa cyulecrByer Kobo Ris), TO Mbl O603Ha- 
UHM ero Yepes Rip) MH Ha303eM OSI5'N2HHSIM JI2BLIM KOJIbILOM YaCTHBIX KOJIb- 
wa R oTHOCHTeMbHO Mpocroro ugeana P. 

Teopema 1. Eecau konoyo R umeem xonoyo Rip), mo: 

1) anemenmo Konya Rip), He npunadsencaiyue udeany P*, umetom Oey- 
<CMopoHHue OOpamuole 6 Rip); 

2) anemeHmst udeana P® He ABARIOMCA HU AebbIMU, HU npassimu Oeaume- 
AAMU COUNUYL; 

3) soboit cobcmeennolii udean Konoya Rip) codepxcumca @ udeane P°. 

Moka3atenmpertso. [lyctp XE Rip), x Pes Torna’ % = [0(s)) “os, 
rye s, s,€S, u x[9 (s1)]* 9 (s) = [9 (s,)] 9 (s) x = 1. CaenosatenbHo, x uMeer 
JBYCTOPOHHHH OOpaTHbiit. 

Ilyctb y —pou3BobHEl amemMenT u3 P*, Ecau y’y=1, rae y' ER p), 

= Rip. Econ péP, s€S u p—s€él, to p—s€P, tax kak | —P 
u ee YTO He MOxXeT OpITb. Torga, no meme 3, P°’=—= Rip) uy He ABMA- 
eTCA [IpaBbIM JeHTeIeM efuHMub!. Ecaa yy’ =1, rae y’€Rip), To y’ — 
MpaBhli PeMTeIb eAUHAUb, T. e. y’ GP’. CaagoBaTembHO, HaligqeTca TakoH 
SHeMeHT y"& Rip), aro. y’y” = y’y’ = 1. Torga (y—y")y =O uy=y’,T.e. 
yy=1 M4 y—npaBbli penutTetb eXHHHUbI, 4YTO He MOxeT GOpITb. CaeqoBa- 
‘TCJIbHO, Y HE ABJIACTCA JIEBbIM TeNHTeMeM eA AHHILDI. 

TpeTbe yTBepxkeHwe TeopeMbI HemocpemcTBeHHO en M3 BTOpOroO. 
‘TeopemMa oKa3aHa. 

AccouwaTHBHoe Konbio R Mb OyMeM Ha3blBaTb MOKAMAbHBEIM (caeBa, 
cpaBa, ABYCTOpOHHe), ecu B KOJIbile R cyulecTByeT CAMHCTBeHHbIN (JeBbIi, 
TipaBbl, JBYCTOPOHHHH) MaKCHMaJIbHbili ujeaw. 

CaeactsBue. Konbuo Rip) M0KambHO culeBa. 

Jlesbit ugean Kombua R Ha3s0BemM coKpauleHHbimM, ecrn L=L”, 

Jiemma 4. Hoean L cokpatwerHolsi mozeda u morbko moeda, Kozda us 
sr—l€lI, 20e s€S, rER, LEL, caedyem reL. 

MoKxasateapcrso. Iycth uz sr —l EJ cnenyer r€L u OER, DEL”. 
Torga (memma 2) uHaiimytca Takue anementnl s’€S u l’EL, ato s’b—/ EI. 
Mo yenosuo b¢L. Torna LCL. C apyrov cropons, LCL”, 1 eb = L*- 
Ilycth tenepp L=L” u sr—leél. Torga o(s)o()=e() u op(N= 
Slo) tcHERse(L)=L. Toraa reg t(L’ne(R) =L* =L.. Jemma 
oka3ana. 

Ecau R, R, « Rz— accouwaTHBHble KOJIbILA H yy, 2 — TOMOMOPPHble OTO- 
Opaxenua kKobya R B R, u Rz COOTBETCTBEHHO, TO OyeM TOBOPHTb, YTO 
R,=R, Hay R, ecu cytecTByeT Tako u30mMopia3m Kovlen R, WH Ry, Mpa 
KOTOPOM COOTBETCTBYIOT Apyr Apyry OOpasbl ofHoro uM Toro Xe 9d/leMeHTa 
koubua R, 

Ecau Hwapaqy c JeBbiM OO0OUeHHSIM KOMbIOM acTHEIX Ris) KOJb- 
ua R OTHOCHTeIbHO CucTeMbI S cyllecTByeT MpaBoe OOOOuleHHOe KOWIbILO 4aCT- 
wpix Ris) OTHOCHTebHO TOM 2%e CucTeMbI S (ero MOKHO ONpesesMTb aHaso- 
THYHO TOMY, KaK OMpeselAeTCA KOMbUO Ris) B paOote (')), To slerKO mpoBe- 
putb, uTo Ris) = Ris) Hag R Tora u ToAbKO Torga, Korya apo I oToOpa- 
*KeHuA gp KOMbUa R B KOMbUO Ris) COBMaqaeT C ALPOM I oro6paxkenua ¢ 


Kompua RB Kombo Ris). 
JIemma 5. Ecau Konoyo R umeem Konoya Ris), Ris) u Ris) & Ris) Had 
R; A—deycmoponnud udean Konoya R, Komopolit AbAReMcA COKPAUfeHHoLm 
KaK npaeelti udean, mo nesoui udeaa A° —OeycmopoHHull 6 Konoye Kis). 
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TokasateuabperTso. A’ = Ro 9(4) = jae (aa)} , rae rs € Ris) + 


a,€ A. Tlycth at A* u xER sg). IIo ycsOBHIO TeOpeMbl aA moObix auleMeH- 
trop r€R, u s€S ualiqytca Takne auemenTh r’ER wu s’€S, uTo rs’ — 
—sr'€T=1. Ecau x= [o(s)]29(r), 10 o(r)o(s’)=e(s)e(r’) a xo(s’ oa 
= [9(s)I"¢ 5 ceria, *e(s)o(r’)=9(r), T © = oC eS 
Torga atx = [rM o(a)+...4+ rs” © (an) 9 (r' )[p(s’)}*. Haa snementos rs 
HalileTca _(aemma 1) TaKoH 93s1eMeHT s€S, uto o (s) r = o(r), rye r;ER.. 
Torga 9 (s) ax =i[p (r:a,r’) Lpuay se buei(raaaeal te (s)l2 =[p@) eh 

wet © (an)} [p(s’)}4, rae razr’ = a OAs Orciona ¢(s’) a&x = 9 (a) [9 (s‘) 1. 

rye aGA, u_ ax =[9(s)}*9 (a) [9(s)l*. Ho ¢ (a) p@)FERG), T. 

9 (a) [7 (s‘)T* = [gp (So) IF"? (0) 55, ro ER. Torna ? (7) 9 (s') = ¢ (So) 9 (a) = 
ay rye a’€ A. CnegosatembHo, rs’ —a’ EI u, Tak Kak A — coKpalllen- 
HbIf WpaBbpli ufeal, TO r,€A (No aHaory JeMMbI 4 JIA KOWIbIAa Rw). Or- 
cioga ax = [¢ (s)] + [¢ (s,)1* 9 (ro) € Ris) p (A) = A®. Jlemma nokaszana. = __ 

Teopema 2. Ecau xonsyo R umeem Konya Rip) u Rip) & Rip) = Rie) 
Had R, mo Koaoyo Rip) (Rip) 2OKAAbHOe. 

TLoxasatenberso. Ecan sr—p€JI, roe s€S, pEP u r€R, To 
sr—p€P, tak xak JCP. Torna sr€P u, tak Kak s€P, To r€P. Torga 
unean P — coKpalleHHbili cipaBa. Ananoruuno mpopepsetca, uTO uean P — 
cOKpallleHHbI cepa. OrTcioqma mo semMe 5 cylemyeT, 4TO NeBbIH Upeat 

= Ripyo(P) ABycTopoHHHl B kKonbue Rip), a DO avanory STOM JIeMMBL 
wit Konia Rip) — npappiit ugean P*?=o(P) Rip) ABycTOpOHHUH B KOUbE 
Rip). Mocae storo teopema 2 aBsAeTCA cnezcTBHeM TeopeMbI | u ee aHasora 
ana Konbua Rip). 

Ecau R— KOMMYTaTHBHad O6aCTb WesIOCTHOCTH, TO pe3YyJIbTaTbl TeO- 


pem 1 u 2 copnayaiwT c pe3yJbTaTaMH, H3JIOXKCHHBIMH B KHuTe XopxKa u TnzO 
(7), erp. 55). 


Matematnuyeckuu uucTuTytT um. B. A. Crexsopa Iiecrynuso: 
Axajlemun Hayk CCCP 2 X1 1959 


UMTMPOBAHHAS JIATEPATYPA 


+B. I. Enusapos, Yen. matem. nayk, 14, ps. 5 (89), 207 (1959). * B. Xonx, 
JI. I1u ao, Meron: anreOpanyeckol reometpuu, 3, YI, 955. | 
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Aornago AKkagemun nayrx CCCP 
1960. Tom 130, Ne 6 


MATEMATHKA 


B. 6. KYAPABLLEB 
BOIIPOCbI MOJIHOTbI JIS CHCTEM ABTOMATOB * 


(ITpedcmasseno axademuxom C. JI. Co6oreevim 24 X 1959) 


B MaTeMaTuKe HM ee IIpHsIO%KeHHAX YACTO BOSHUKaeT 3afla4ua O BO3MOXKHOCTU 
mpecTaBeHHA OObeKTOB HeEKOTOPOrO MHOxKecTBa Yepes Hamepe, 3aaHHyto 
<UCTeMy OObeEKTOB TOFO 2Ke MHOKECTBA B BHJe OMpeevIeHHEIX BbIParKeHHii, 
T. €. 3afla¥a O MOJIHOTe CHCTeEMbI S/IeMeHTOB. Tak, B alreOpe uccleqyerca BO- 
MpOc O BOSMOXAKHOCTH NpelcTaB/eHHA PYHKUMM B Bue POpMy. Yepes PyHKUMH 
HEKOTOPOH CHCTeMbl; B TeOPHH aBTOMaTOB — O BO3MOXHOCTH MpedcTaBJIeHHA 
0-Jl-OnepaTOpoB MOcpeCTBOM cxeM, 
MOCTPOCHHBIX H3 SJIEMeCHTAPHEIX aB- 

TOMaTOB, HT. J. B ABy3HauHOH J0- zy 
ruke (P,) 3Ta 3aaua pellieHa mO01HO- 
cTbio (17%), pemieHue ee B MHOrOsHau- 
HOH JIOTHKe 3Ha4HTeIbHO MpOABUHYy- : 
to (°, *), a MpHMeHuTebHO K aBTO- 

MaTaM Ha 9TOM MYTH JelaloTrca noKa Puc. | 

tlepppie waru (°-§), B ‘Hacrosmel 

BaMeTKe H3y4aIOTCH BOMPOCbI MOMHOTbH! CHCTeM aBTOMATOB. Oxka3prBaeTCA, 4TO 
pellieHve STOH 3afaun CYLIeCTBeHHbIM O6pa30M 3aBHCHT OT TOTO, 4YTO NOHHMAaTb 
m0 dyHKWveH, peasIM3yeMOH aBTOMATOM, HM UYTO B3ATb 3a KJIaCC JOMYCTHMbIxX 
¢cxem: [lostomy B paOoTe JaeTcA HeCKOJIbKO OnpedeeHui nomHOTHI. IIpuBogatca 
HeEKOTOpPbie YCJIOBHA MOJIHOTHI. 

1°, IlonaTve aBTOMaTa CBH3aHO C Tpe€MA NMOHATHAMH: 9SJIEMeHT, CXeMa UH 
qynkuna **. . 

I. Onement F; puc. (1a) umMeeT HeKOTOpOe 4MCO fr; BXOJOB H OHH 
BbIXO]. : 

Ilyctb uMeetca amcasuT X = {x;}. 

II. Cxema. 

0. Tlomoc c mpunucanHo emy 6yKBoli x;€X ectTb cxema (puc. 16). Ox 
ABJIACTCA BXOJHbIM H BbIXO/[HbIM MOJIIOCOM CXEMBI. 

1. OGbequnenue jByx cxem S; u S, ecTb cxema (S) (puc. le), Muoxe- 
€TBO BXOJHBIX NostOcoB cxeMbl S eCTb OObeEMHeEHHe MHOKECTB BXOHBIX 
miomrocop S; u Sy. MuoxKecTBO BbIXOJHBIX MOJOCOB CxeMbI S e€CTb HeKOTOpoe 
TIOMMHOXKECTBO OODEAMHEHUA BbIXOMHbIX MOtocoB cxeM S,; H Sp. 

2. PesyabTaT mpucoequHeHHA K BBIXOJHBIM TosOCaM cxeMbl S BxOJOB 
9uleMeHTa ecTb cxema. IIpu 9TOM MomycKaeTCA MpHcoeqMHeHWe K OJHOMY BBI- 
XOY CX€MbI HECKOJIbKUX BXOJOB 9/IeMeHTa (pH. lz). Bxogamu nojwyyeHHoH 
¢cxembt S ABMAIOTCH BXOJbI CXEMBI, a BbIXOJaMH — BbIXOJ, SJIEMeHTa H HeKO- 
TOPOe MOMMHOXKECTBO BHIXOAHbIX HOJIOCOB MCXOMHOHM CXeMBI. 
 B pesysbTaTe Takoro NMOCTpoeHHA BXOJHBIM NosOcaM cxeMbl OyAyT MpH- 
MICaHbl OysIeBbI TepeMeHHbIe %j,.. -,Xne 


* 3necb NOx aBTOMaTOM MOHMMAeTCA KKOHCUHEIM aBTOMaT», T. €. HMEIOULHH KOHEUHOe YHCHO 


<ocTos HHH. 
** Cp. c onpegenennem C. B. AGnoncKkoro ynpaBasiomel cuctempi (°). 
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III. 1. Qnementy npunucana napa (f(.-.), ¢), rae ‘f—r-MecTHBIM OysieB: 
onepatop (*), ¢— nwesloe HeEOTpHaleJEHOe YHCJO. 310 o3HauaeT, YIO eCIH B 
MOMCHT BP€Me€HH Tt BXOJbI 3CMEHTA, KOTOPOMY COOTBETCTByeT Mapa Geo 
HAXOMATCA B COCTOAHHAX (1, ..-, A}, 10 CFO BbIXO B MOMCHT ttt Ha- 
xomutes B coctoaHun f(a, ..., %-). Takum o6pazom, 9iement F; npoHsBo— 
WUT nepepaOoTky nHcopmauuH c 3azepxKol t. QnemeHT C NpuNnwcaHHOW Napor 
Ha3OBe€M 3JIEMeCHTAPHBIM aBTOMATOM. 

2. OuepnyHo, u10, 3Had xXapakTep MepepaOoTkH MHGopMalHH KaK]IbIM 
QJIeMeHTOM, T. e. Napy (f, 2), H cipoeHHe CxeMbl, onpeyesnemoe MHAYKTHB- 
HBIM TIPOLeCCOM, Mbl MO2%KeM B HeKOIOPbIX C/yyaAX eCTeCIBeHHbIM O6pa3s0M 
y3ulaM CX€MBI (B TOM UHCJIe H BbIXOJaM) CONOCT@BHTb Mapbl Tak, YO 91M Ma- 
pbl OyyT XapaktTepusopaTb nepepeborky MHGopMallwH COOTBeTCTBYIOILeH 
yacTblO CXeMbI. Takoe ompefeseHve BCerfja BO3MOXKHO, CCIM BbINOJHEHO yCJIO~ 
BHe OJHOBPeMeHHOCTH Nosayn HHCPOpMallMM Ha Bce BXOJbl KaKLOro SJeMeHTA. 
CXe€MBI. 

Ilyrem B CxemMe Ha3biBaeTCA NOCJeMOBaTeJILHOCTb 


010 Aeb205 ooe AsbsAs44, (1) 
rye 6; — 9uleMeHTapHbI aBTOMaT, a;— eFO BXOM, Qj+;— ero BbIXO]. nunor 
Ss 


nyTH (1) Ha30Bem 4HCJIO >; t;, re t; — 3afep2xKKa SeMeHTapHOroO aBtomata Qj. 
i=1 

Ha spixojze B cxembl peasusyeTcx NO onpefenenuio napa (Fpg(...), 7), 
rye Fg(x1, ...) Xn) —Takan dyHkuus, 410 Fg (a, ..., On) eCTb AIA JO- 
6oro HaGopa B MOM€HT t Ha BxOJax (%, ..., Gn) CcocTOMHMe BLIxofa B B. 
Moment t+ 7, rue T —fsuHa NpOM3BOEHOTO Ny1M OT BxOfla K Bblxogzy B. 

B pasnenax 1°— 3° 6ynyT paccMaTpHBaTbCA TakMe CX€MbI, 410 JVJIHHBI 
BceX TlyTeli JO NpOH3BOMLHOFO (HKCHPOBZHHOTO SJIeEMeHTa OT BCeX coeJHHA- 
e€MbIX C HHM BXOJOB CX€MbI PpaBHbl. Cxemy, BCe 3JJI@ME€HTbI KOTOPOH MTpHHal- 
JI@KaT MHOMKecTBy %, OyMeM HasblIBaTb cxeMOH Ha &. B aneHeviwemM Mb 
OyfeM HHOrfa OCOO3HauaTb CXeEMY, B YACTHOCIH 9JICMCHTAPHbIN aBICMAaT, pea- 
musyrouui napy (f, t), uepes [f, ¢]. Jlerko Buyetb, 410, NpHnHCHIBaa BBI- 
XOflaM CX€Mbl HEKOTOPbIe COCTOAHHA B HavaJILHbIe MOMCHIbI, NONYYHM KOHEY— 
Hpbi AaBTOMAT. 

29, Onpemeneune 1. Cuctemy % 2nemeHtTapHEIx aBTomMaToB F;= [f,,t;] 
Ha30BeM NOJHOH B NepBOM CMBcuJe, ecuH ANA MOOK dyHKuny! 
[(%1, ..+, Xp) W3 Py MW aICOOH 3aqepxKKU ¢ MO2HRHO NOCIPOMTb cxemy Had %, 
peanusyrcmy!o (byHKunto f (x1, ..., Xp) C 3apepxkon ¢. 

Teopema 1. Cucmema % noaka 6 nepeom cmbicne mozda u moroKoy 
moeO0a, KoO20a ona Codepocum: a) HeKOMOpYyto CucmMemYy |aACMEHMAPHOIX aemo-- 
mamoe [f;, 0] maxyto, umo {f;} o6pasyem noanyto @ Pz cucmemy; 6) HeKo- 
mOpblu anemeHmapHolll aemomam |[f, 1], ede f ne Ecmb KoNCManma. 

Hanpumep, nono B nepBoM cMbICe cuctemoH GOyyeT cuctema [x, 1], 
[f1, 01,...,[0fs, 0], rme fi, ..., fs-—monHaa Bp P, cuctema pyHKunit. 

AlokasateabcTBo Teopempul. JloctatounoctTp. B cuny 6) By 
cucteme % nalietca seMeHTapHbIli aBtomatT [fa, 1] Takoli, u10 fa (x1, ... Re 
He KOHCTaHTa, NOSIOMY MOXKHO HalitH apy coceqHHX HaOopoB, Ha KOTO- 
pbx fa (Xi, ..., Xn) NPHHUMaeT pasnnuHbIe sHauenus. Ho torga cpasy oue- 
BUJHBIM OOPasOM MOXKHO NOCIPONTb CXeMYy C eJ[MHCTBEHHBIM BbIXOLOM, peaJH- 
syromly!o (x, 1). CuegopatenbHo, m106aa napa (¢, ¢t) Tome peannsyema. 

eoOxomumocrTh. Ecau B® ner nappr c t= 1, To, oveBuAHO, HeENb3si| 
peaIM30BaTb HUKaKy!oO Napy ($,1). Ecom & copepxxutr sump mnapy (9, 1),4 
re ~— KOHCTaHTAa, TO OYEBHHO, Heb3A peadM30BaTb Tapy (x, 1). 

CaeactBue. He cymecipyet efMHcTBeHHoro 3uleMeHTa, oOpasy1oulerc} 
NOJIHy!0 CHCTeMy B TlepBOM CMBICUJe. 

3°. Onpenenenne 2. Cuctema § nonHa BO BTOpoM cMbicaqe, 
eciH JIA mO6oK dyHKuHH f (x,,...,xXn) u3 P, cymectByer t u cxema Han W 
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TakHe, YO 9Ta cxeMa peaslMsyeT Napy (f, 7). Ouepuyuo, BcakKaa cuctTema, nou- 
Had B N€pEOM CMBICe, NOHa H BO BIOPOM. 

Teopema 2. He cytwecmeyem odxoeo aaemenmapHoe2o aemomama [, ¢] 
ct>0 maxoeo, umo on c6pasyem noanyto cucmemy Go emopom cCmbICre 
noanomel. 

Jlokasateabertso. Ipeznonoxum, ato cymiectByer Takoli snemeHTap- 
HbIH apiomaT [¢, ¢]. Torga ¢ JonxKHa ObiTb, oveEMZHO, qbyHKuueH ILeddepa 
uo(0,...,0)=1, o(1,...,1)=0. Paccmotpym npouszoneHyo cxemy Hall 
® = {(9, 1)}. OtoxnectBum ee Bxogbl. Tora no HHJYKUMM JerKO MOKa3aTb 
(HchoIb3yA P2BeHCIEO AMH Nye OT BxOAa JO MPoMsBONEHOTO dvleMeHTap- 
HOFO aB1OMaT2), YTIO Kak bit SeMeHTePHBT eBIOMaT peamMsyeT HOO x, 
gu6o £, T. €. He CylecTByeT CXeMbI, peanusyloleli, Hanpumep, napy (0, 2). 
Teopema jloKa3aHa. 

JIemma 1. Cucmema {[x,t], (fi, ti}, 20e {f;} noana e P, ut; Kpamnort, 
NOAHA BO EMOfOM CmBICAe. 

CueyxctBue. Ecnu u3 cuctembl 3eNeHTaPHEIX AaBTOMATOB MO2KHO [10- 
CIPOHTb CXEMbI, Pe2JM3yICIIHe Napbl, YROBMETBOPAICUIHe YCOBHIO JIemMbI 1, To 
OHA TlOJJHa BO BIOPOM CMBICJe. 

Jlemma 2. Hs cucmemoi {[(9,t,], [c, te]}, 20@ 9 (x1, Xo, Xe) = ByXoX3V X48aV 
V &1%.%2, C(x) — KoHCmanma (aremenm [c, t,] umeem OOUH exo0) OnA st0bbIx 
ty, fg MOM#CHO NOCMpoume cxemol, peanusyrowumue (x,T) u (0,1T) ede T>0, 1— 
yenoe HeOmMpuuamenbHoe. 

Woka3satTeabeTBo. OuepugHo, To 9 (x1, x2, xX.) = #,V#. Tostomy 
cnyuah ¢;=0 tpusnaneH. Paccvoipym cnyyah ¢, > 0. Hapemupaa ua sce 
BXOfIbI 9JleMeHTAapHOrO aBTomata [8,7,] no ofHOMy semeHTy [c;?.], nonyuHM 
[c, t, + ¢,]. V3 [c, t,] uw [c,t;-+¢2] MoxHO (HaBeWHBad UX pyr Ha Mpyra 
B pa3HOM ropsjKe) roayunTb (0,7, + 2t,j u[1,7,+ 22]. Mostomy gaa mtoOnix 
I€bIX NOMOKMTENLHDIX a@ WH Db MOXKHO PeanH30BaTb Obe KOHCTeHTH O u | 
¢ 3ayepxkKamu ct,+O(t,+¢,). Jlanee, u3 2nemeHTepHoro aBtomata [9, ¢,} 
MOXKHO Jia mCOoro Wenoro NoOsO*KUTeMbHOTO Rk nonyuntb [xX, 2kt,]. Tak Kak 
9(0,1,x) =x, To npH ycnoBHy 


Oho ok Ae bit ts) (2) 


HaBelUHBaA Ha BXOJIbI X14, Xo, X3 3JIEMeHTapHOrO aBtomarta [9, t,] cooTBeTCTBeHHO 
[0,at,+6(t, + ¢.)], [1,ate+l (t, + t,)] wu [x, 2kt,], nonyunm [x, (2k + 1) ¢,). 
YpapHenve (2) umeeT, HanpuMep, peweHue k= 3t,+%, b= 2t,, a= 4th, 
mpuyem upu ¢t;>0 uucna k, 6, a nonomwuienEHbI. Takum 06pa30M, MbI HMeem 
[9,2] u [x, (2k + 1)¢,]. Hapecup wa KaKAbIM BxXO] 9/IeEMeHTapHOrO aBTOMaTa 
[8,¢,] no cxeme [x,(2k-+ 1)¢,], nonyuum [8,2(e-+ 1)¢,]. Kpome toro mp 
yxe umewn [x, 2¢,]. Jlemma JoKa3ana. 

CaenctBue. CymectByer mapa 92JIeMeHTapHbIX aBTOMaTOB [d1, 4] 4 
[b2, tj], NOsIHaa BO BTOpoM cmbicue mpH MCObIX ty UH ey. 

Teopema 3. Ycnoeua caedcmeun us remmot | seastomcs HeOOxoOUMbimu 
u Oocmamounoimu Onn mozo, umobol cucmema {{f;, t;]} Ool2a noanoti 60 6mo- 
pom cmotcre. 

TlokasatenbcTtBo. JlocraTouHOCTb— cM. CJleAcTBHe 43 JeMMbI |. 

Heo6xonxumocres. Ilyctb cuctema {[f;,¢;]} NomHa BO BIOpOM CMbICJe. 
Torza u3 Hee MOXKHO, B YacTHOCTH, MocTpoHTD [9, t,] H [C, te], Pe 9 (X11, Xo, X3)—= 
= Ey XoX3\V X13 E1%.%,. Tlo nemme 2 moxuo noctpouts [9,/T] u [x,T]. 
Teopema joka3aHa. be 

4°, Byem paccmaTpuBaTb Telepb MpOUSEOMbHIE O-J-onepatopHl (° ‘), T. e. 
Mipeo6pa3s0BaHHA NMocwleqoBaTembHoctTeH x(t) B NOcHeOBaTeNbHOCTH Z (Zz), ONpe- 
JeJInemble CHcTeMOlt ypaBHeHHit 


gé)=olx(),¢¢—D1L 2 =ele@, 9-1] GO=c (3) 


rye KaxkIbili u3 apaMeTpOB xX, g, 2 npoberaeT cBOe KOHeYHOe MHOXeCTBO 
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3naueHuii (KOHeUHbIe aBTOMATEI) (cM. puc. 2). He BcHKMA O-J-olepaTOp MOxKeT 
ObITb, PeaJIM30BaH AaBTOMATOM, OMIpeeJIeHHbIM B 1°. PacwumpumM onpesemenue 
aBTOMATA. 

I. DuemMeHT uMeeT HeKOTOPOe 4HCIO rf BXOJOB HM HeKOTOpOe HCO MM BbI- 
XOJlOBe . 

II. Cxema. Nyuxrst 0, 1 u 2 us 1° coxpaHatotcs; WoOaBJAeTCA ele: 

3. PesybraT MpHcoeAMHeHHA BXOfla a’ cxeMpt S K_ BbIxXOJy CXeMbI ecTb 
cxema (S’). BxogjamMu cxempt S’ aBJIM1I0TCA BXOJbl CXeMbI S 3a HCKJIOUeHHeM a, 
BbIXOJbl — HEKOTOPbIe BbIXObl cxeMbt S. 

Ill. ®yuKuua (0-J-onepaTop) cxeMbl ompedemaeTca 
O6bIUHEIM OOpasom (°~*), QueMeHTY CTaBHTCA B COOTBeTCT- 


BHe O--OnepaTOp C BXOJHBIM aldaBHTOM H3 2 CJIOB 
BbIXOJHBIM U3 2” COB. QJICMeHT C O-J-OllepaTOpoM, eMy 


COOTBETCTBYIONIUM, Ha30BeM 9JIEMCHTapHbIM @BTOMATOM. 
Kpome Toro, CXeMbI JOJLKHbI YOBJICTBOPATb YCJIOBHAM 
«HempoTuBopeynBocTu» (°, *). OTH yCMOBHA B KaxKJOM 
OTMeIbHOM CIy4ae JerKO MpOBepAIOTCA H COMepKarTeb- 
HO O3Hau¥aIOT, UTO MpH KaKJOM COCTOAHHH CXeMbI 
BAOJb KaxKQOTO OpPHeHTHpOBaHHOTO WHKJIa Oe3 3a- 
Jep2keK MpOHCXOLUT Tox JecTBeHHOe MpeoOpas0BaHHe MHopMalinn. Matema- 
THYeCKH STO OFpaHHYennve O3HadaeT, YTO MpPOLecc BLIYHCJIEHHA ONepaTopa, pea- 
au3yeMOro CXeMOM, OAHO3HadHO BpIMmOmHMM. Kak u3BecTHo(*, ’), ia peamn3a- 
IMM BCeX O-f-ONepaTOpOB JOCTaTOUHO HMeTb MOJIHY1IO CHC- 
TeMy 93JICEMeHTOB C HyJIeBOH 3aepxKKOH MW eCAHHHUHYIO Z, Izy ZX, 
3aylepxKky. 

V3 Teopemp! 2 cjleqyeT, 4YTO He CyllecTByeT eKHCTBeEH- 
HOrO 9JIeMeHTapHOrO aBTOMaTa (paccmotpeHHoro B 1°), 06- 
pa3ylollero NOuHYIO CHCTeMy. 

Teopema 4. Cyiecmeyem eOuncméeHHolli aremeHmap- 
Holli aemomam (ananoe dynxyuu Lledqepa 6 Pz), npu no- 
MOWWU KONU KOMOPO2O MODCHO peanusoeamo <A1wboli O-O- 
onepamop. \ 

IIpupeflem upumep Takoro 92JIeMeHTapHoro omepaTopa. 
PACCMOTD UM. (DV HKWHEO< osfa > (Xy4n Noss weber ay Cm 
\V &ot_ \/%3. Uutepecyromui Hac 3JIEMCHTAapHbIN aBTOMaT F 
nowyuaetcA U3 SJIeMeHTa, peaslusyioulero cbyHKuuto f c 
HYJICBOU 3aj\epxKKOH B PesysbTATe IPHCOeAMHeHHA K BXOMY . 
Xq CQMHMYHOH 3ajepxKKu (cM. puc. 3). B camom gee, Mp OTOKJecTBIeHHN 
BXOJOB x; H %2 B 9JIeEMCHTapHOM aBToMaTe F nosyyaem [9,0], rae p= 
=%,\/%3, a MpH MOMCTaHOBKe BMeCTO X3 H X_ KOHCTaHTHI 1, BMeCTO x 


KOHCTaHTHI 0 H OTOKMecTBIeCHHH BXOJOB NOJYYeHHOH CXeMbI — eMHHUHYIO 
3ajlep KKy. 


Puc. 3 


Mockosckuli rocyapcTBeHHEIli yHHBepcuTerT Tocrynusao 
um. M. B. Jlomonocopa 23 X 1959 
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1192 


floxxann Akanemun nayrk CCCP 
1960. Tom 130, Ne 6 


MATEMATHKA 


A. A. MEJIEHUOB u 9. B. MYPAEB 


K TEOPHH CYMMHPOBAHHA JIBOMHBIX PAOB 
~ METOJIAMY BOPEJISA 


(ITpedcmaeneno axademuxom A. H. Koamozopoeoim 2 XI 1959 ) 


B padotax B. IT. Uenugse u B. A. Bepexaumusm (',2) paccmarpupaerca 
OOpeJIeBCKOe CYMMMpPOBaHve BOMHEIX PxAJOB, oMpeseuweHHOe cieLYyIONuM 
06pa3om: 

IlycTb aH JBOMHOH pay 

foe) 
4 Qip (1) 
i, k=O 
1 €TO UaCTHbIe CYMMbI 


Amn = Ss yy Gir. 


~=0 k=0 


JionycTuM, 4TO JBOHHOM CTeMeHHOK pay 


a dy? 
A (, y) a > Air A 
#, k=0 
‘XONMTCA JIA BCeX 3HaueHHH x >O0 u y SO. 
Pan (1) Haspipaior By-cyMMUPYeMBIM K cymme S, ecu 
Minieen Fe A (acy eS. 


(x, ¥),>00 
| 


O], CHMBOJIOM (xX, y), > CO Mbl IOHMMaeM CTpeMJieHHe K OeCKOHeYHOCTH BHYTPH 
ekTopa, ompeyeseHHOrOo HepaBeHCTBaMu 


——— Ope eal 


Mut Haspipaem pag (1) BecymMMupyeMbiM K cyMme S, ecru 
lim e-G+) A, y) = S. 


X00, Y—>00 
ocuiemHee O3HaUaeT, UTO JIA BCAKOrO © > 0 HaligeTca yucso T (e) Takoe, 4TO 
Je“M40A (x, y) —S|<e 


K TOMbKO X>T uy>T. 

B. I. Uenngse (*) qokasan cnepyioujee mpenowenne: 

Ecau yeolinoi pay (1) cxoqurca WM WMeeT CYMMOH 4YHCJIO S, a wacTHpie 
MMBI Amn 3TOFO PALA YAOBJETBOPAIOT yCJIOBMIO 


B 
| Amal <M (m+ 1)" (a+ 1)", (2) 
e M, a, 8 —nONOxKUTeIbHbIe YCa, He 3aBUCAUIMe OT Mm UN, TO JBOHHOLK 


m (1) By-cymmupyem kK cymMe S mpu s100bIx 3HaveHHAX YUCIA (OR ih) 
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B. A, Bepexampum noKasa (7), To yculoBHe (2) Mo2KHO 3aMeHHTb Ooulee 


cmaObIM, a HMeHHO 1 
| Amn | <i Mao +o(r) | ' 


rie M wu a—nogoxKUTeMbHbIe YUCIa, He 3aBMCALMe OT mM HN. ? sal 
Ham yyanocb JoKa3aTb peryJIApHOCTb B,-Metoya pH SOosiee OOWMX, 

y B. Tr. Uenugze u B. A. Bepekammunu, ycuOBMAX. i 4 
Teopema 1. Ilycme OsouHott pad (1) cxodumca, umeemn CYMMOL 4UCAO 


u yOoeremeopxem, Kpome moz0, OBymM YCACEUAM: 


k 
| Aik Ee |< Ment, (4) 


z 
x 
nes 


u 


ms N ze? )*, (5) 


2de M;, Nk,  < 1—nonoocumerouole uucaa, He sa6ucauyue OM Xn Ab ewe 
Tozda ps0 (1) By-cymmupyem K cymme S npu h>Wh, 
IlycTb 2BOHHOH cTeneHHOH pA, 


Yy 
Cer) =n Cik Ter 
é,k=0 
CXOJUTCH Ip BCeX 3HayeHHAx x M y (T. e. a(x, y)—UWenan yHkKuHA). 
Tlon02kHM 


xy 
D(x, y) = \\e ta (t, 2) dt de. 
00 


Pay (1) Haspipaetca B,’-cyMMUpyeMbBIM K cymme S, eciH 


lit “D(X 5G) "S32 


(%, Y),7~ 
Ecuu 
lim , O@, 9) = Ss. 


X00, y>oo 


To pay (1) Mbt HaspiBaem B’-cyMMUPyeMbIM K cymnme S. | 
Metognt B u B’ sapastoTca mpesesbHbIMH JIA MetoqoB By u B, npu }—> 0 
OrpaHW4MBaich pacCMOTpeHveM TaKHX JBOMHBIX pAfoB (1), a KoTOpBL 

(byHKUMH a(x,y) uM A(x, Yy) ABMAIOTCA OHOBPeMeHHO lesbIMH (byHKOMAMH 

Mbl JOKa3bIBaeM CJIe{LyIOWMe TeOpeME: 


Teopema 2. Memodu B, u By, moeda u moaoko mozda paeHocuaAeno, 
KOeda umeem mecmo coomHoiuenue | 


lim [© hy) + ©, @, gyre) = 0 | 
(% Y), 200 { 
AnaslOrMuHoe YTBepxKeHve uMeeT MecTO AH MeTonoB B u B’. ; . 
ITa TeopeMa ABJIACTCH aHAaJO‘OM M3BeECTHOM TeOopeMbI B TeopHuH Oopevel 
CKOrO CYMMHPOBaHHA OJHOKPAaTHEIX psxAoB ((°), crp. 229, Teopema 123). 
Teopema 3. Ecau dynkyua D(x, y), onpedenennan @ o6aacmu x an 
¥ > 0, 062adaem HenpepbleHbiLmu 4LACMHLMU NPOUZECOHELMU nepEozo nopsoKr 


U HenpepbleHol CMeUAHHOLL NpPOUsBOOHOL BMopo2o nopsAOKA U ydobaemeopse 
YCAOBUAM: 


1) D(x, 0) =O (e**) npu x — oo; 


P (0, y) = O(e”) npu you, 0<i<l; 
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ee | Dry (x, y) + Py (x, y) + Dy (x, y) + P(x, y) |< MeM4v) npu ecex x>0, 


YAY, 


3) lim [xy (x, y) + (x, y) + ©, (x,y) + Ox, y] =S, 


X00, y+00 


mo lim DG y= S npa 06 = lak 


(*, ¥)7,48— 00 


Jloka3atTesabetTso. He YMeHblIaat OOUIHOCTH, MO2%KHO CUHTAaTb, TO 
S = 0. Ilonaraa 


Dry (x,y) + Dz (x, y) + By (x, ys + D(x, y) =e (x, y), 
MoJly YHM 
Q2 
Ox Oy 


[e*ty® (x, y)| = e*t¥s (x, y); 
CJIENOBATeJIBHO, 


P (x, y) = e-¥® (x, 0) + e—* @ (0, y) — e+ ® (0, 0) + 


as 


er re) NN glia (Tea) Oe ic 


<7 a et 


o 


Ucnoub3yxi ycuoBHA TeopemMbl WM ToceqHee COOTHOWeHHe, erKo nokaxKeM, 
4TO 
lim Dixy) =20; 


(Es. Y)rA4+8>00 


Orciofa culefyeT ciipaBewIMBOCTA Halleli TeopeMbl. 

Ita TeopemMa B Oonee mpocTol dopmymupoBKe usBecTHa JWian dbyHKUHii 
ofHoro Mepemenuoro ((%), crp. 138, Teopema 53). Tak »%xe Kak HM B csyyae 
ofHOoro MepemenuHoro ((*), crp. 230, Teopema 124), ona HaxoyuT mpHMeHeHHe 
B TeopHu OopeseBCKOrO CYMMHpOBaHHA. 

Teopema 4. Iycmpo 0<N << 1. Ecau O6otinot pad (1) cymmupyem 
memodom B Kk 3xHauenuto S u 


| A (x, y) |< MeQt™ierty , 


ede M — nonoscumenbnoe “ucao, He 3aeucsiuee om x uy, mo psd (1) cyM- 


mupyem memodom By kK 3Hauenuro S. 
JJJIA JOKa3aTeIbCTBa JOCTATOUHO YCTAHOBHTb COOTHOWeHHE 


eH) A (x, y) = Dry (x, y) + Dx (x, y) + Dy (x, y) + P(x, y), 


a 3aTeM BOCTOJb30BaTLCA TpeAbi yeh Teopemon. 

3ameyaHHe. OTHOCHTebHO JBOHHbIX PAOB, YOBJIETBOPAIOUIHX YcJo- 
BuIO TeopeMbl 4, MeTOX Ba CHJIbHee, YeM MeTOR B. Umea B Buy mpuMmep 
OMHOKpaTHOrTO pala, CyMMMpyeMoro MeTOZOM B’ x He cyMMupyeMoro MeTOJOM B 
((°), erp. 230), merko MocTpouTb ABOMHOH pA, CyMMHpyembIi MeToyoM By’ Hu 
He CyMMupyeMbIi MeToyoMm B. 


YpambcKHH rocyapcTBeHHbIH YyHHBepCHTeT Tlocrynuao 
i um. A. M. Yopbxoro 6 X 1959 


LHTHPOBAHHAS JIMNTEPATYPA 
1B.T. Yenugse, Coo6m. AH TpysCCP, 8, Ne 8 (1947), * B. A. Bepexka- 


iB Hau, Coo6uy. AH IpysCCP, 14, Ne 4, 193 (1953). ? P. X ap au, Pacxogsmmecs pam, 
M., 1951. é 
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MATEMATHKA 


10. fr. PEWIETHAK 
O KOH®OPMHbIX OTOBPA)KEHHAX MPOCTPAHCTBA 


(ITpedcmaeaeno axademukom M. A. Jlaspenmoesoim 16 X 1959) 


Teopema JluyBusiat O KOH(OPMHBIX OTOOpaxeHUAX MpocTpaHcTBa OO‘IYHO 
loKa3biBaeTcaA Aid OTOOpaxkeHuli Kacca C* (cM., Hanpumep, (',”)). M3 pe- 
3yubtatos M,. A. Jlappeutpepa (°) BbITeKaeT ee CIpaBefJIMBOCTbh B kslacce 
C’*, 0<a< 1. B uactosmer pabore AaeTcA MoKasaTeJIbcTBO, CBOOOHOe OT 
KAKHX-JIHOO MpesnosoxKenuli o udpdepenwupyemocrn oToOpaxkeHna. 

B jasbueliiuem: E"—n-MepHoe 9BKAMZ0BO MpoctpaHcTso; |x|— HopMa 
.Bextopa x €E"; Q(x), r)— map {|x — X)| <r}; S (X), 7) —ecepa {| x—x, |=7}; 
Wi (M), rye M c E" — orkppitoe MHOxKeCTBO, — COBOKYNHOCTb Bcex yHKUHH, 
onpefeenHbix B M, umewuux o6odOujenHble B cmpIcie C. JI. Co6onesa (*) 
YaCTHBbIC MpOM3BOAHbIe MopayKa /, cyMMUpyeMble CO CTeMeHbIO p Ha JKO0OM 
KOMIIaKTHOM MHOxKecTBe F CM. 

J\1i TIpoOw3BObHOH H38MepHMoH (byHKuMH h(x) > 0 nono KKM 


F,(x,r) = \ [h (x) OD? de, 
S (x,1) 


re ds — 9nemeHT minouamu ciepnr S (x, 1), 


Vien) = \\ [A (x) dx. sax Sidr a dts 
Q(x,r) ‘ 


Ecru x@€M CE", to nycrb ry(x,M)—paccroanue x yo rpanuun M. 

Ilyctb x — npousBouIbHaa Touka BE”; U; (x), re t — BemjectBeHHoe YHCIO? 
0<t<_1,—cemelictBo okpectHocte Touku x. Cemetictso U; (x) Ha3bilBaeTcs 
NpaBUJbHBIM, ecmu: a) U;y(x) CU,(x) mpm Bcex ¢ um cymlecTByeT ToONOJO 
Tuyeckoe oTOOpaxenue g(x) U,(x) B E” taxoe, ato ¢[U:(x)] = Q(0,2) 
O<t< 1; 6) ecan R(t) u r(t)—naumenbutee nu HanOombUee M3 paccTOAHHl 
TOUKH X MO ToueK rpaHunst Ur(x), To np tO R(t)/r(t)—1. 

Ilycts M c E" —orxpsiroe maoxectBo. Orobpaxxexne y (x) M BE” wasp 
BaeTcH KOHPOPMHBIM, ecu: a) y (x) — ToNOMOrHMUecKOe oToOpaxkeHue; 6) © 
BCAKOH TOUKH X€M HalizeTcs npaBHsIbHOe cemelicrBo oKpecTHoctTeli, Hepexoya 
ulee IPH OTOOparxkeHHM y (x) B NpaBusbHOe CemelicTBO OKPecTHOCTeli TOUKH y (x) 

Teopema. Bceakoe konhopmxoe omobpascenue e E" npu n>3 eom 
KOMOUHQUUA KOHeUNO2O YUCAA UNEepcutl. 

Jina oKasatebcTBa TeopeMbl ocTaTOYHO ycTaHOBUTb aHnasuTHUHOCT 
KOH(OpMHOro oTOOpaxKeHua. JloKasaTesbCTBO OCHOBEIBaeTCA Ha emMMax 1 —7 

@MuKkcupyeM HeKOTOpyiO obOnacth M x KOH(OpMHoe oToOpaxKenve y(2 
Ms E”. 

JIemma 1. Bexmop-dynxyua y(x)@ Wh (M). Ee wacmxoe npouseodxe 


ay /OX; Oad noumu ecex x&@M 63atLmNo opmozoHanonel u uUmelom paene}} 
AUMOL, 
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TlonoxnM >} (x) = (Oy / 0x;)?. 
JlemMa 2. J[na ecakozo usmepumozo mnoscecmea EC M maoocecmeo y (E) 
u3smMepumMO U e20 Mepa JIebeza paéeHa 


WV Onredx, dx = dry... dep, 
15; 


Jlemma 3. J[aa ecakoti mouku x&M Oana noumu ecex r F n(X, 7) paeHo 
naowadu noeepxHocmu y[S(x,r)] (naowade nonumaemca 6 cmolcae Jle6eza). 

IIpHMeHsas wsonepHMeTpHyeckoe HepasencTBo BE”, nowyuum Cue LYIOULY1O 
JIeMMy: 


Jiemma 4, Jaa xaovdoti moukxu x@M Oaa ecex re [0, 79 (x)] uwmeem 
mecmo Hepaeencméo 


ey (x Eke oe n—-loy_1 [V2 (x, aA ge 


20€ Wn—y — NAOWAI’ eOUHUYHOLL c>epu 6 E”. 
IlycTb % (Z) — co6onesckoe ycpeyusioujee apo (*). Ilyets M;, — mHoxe- 
cTBOo Bcex x€M, yaa KoTopplx 7, (x, M)>h. Tonoxum 


|z|<h 


in (X) = | \\ + 2) iran (2) Sl 


MyuHKunA hy_(xX) onpefeneHa Hu TONoOKHTeNbHa B M, wu umeeT Tam Bce 
MIpOW3BoAHble WOOoro MopsAyKa. 

JlemMa 5. J[as ecakoti mouku x € M npu h < r(x) 02a ecex r €[0,r9(x)—A] 
BbINOAHAeMCA UB0NepuMempuU4ecKoe HepaceHcmeo 


[Fay (X, CN — 0" Ope [Vag (XK, 1) S 9, 
Jlemma 6, JTycmo (x) > 0 — @ynkyua, onpedenennan @ M u umerowan 


mam Henpepolenole npouseodHole OO emopoeo nopadKa eKAWOUUMeAoHO. To2zda 
Onn ecex xEM 


fe ete ers tee MD ples 2rA Ret 
Ee i Cen) ie W(x eee 


2de A—onepamop Jlanaaca, n> 2. 

M3 memm 5 u 6 BplTeKaeT, 4TO JIA BCAKOM TOUKH xE€M_ npu 
h<r,(x) APa(x)J@-45 0, 7. e. byHKuna [Ay (x)]—2/* cy6rapmonuyeckaa. 
Orciofa, mepexoyza K Mpejery mpuh—O, novyuum, uTo (yHKuusa [A (x)]—2/4 
cyOrapMoHuyeckan. SHauNT, \(X) OrpaHHyeHa CBepxXy Ha BCAKOM KOMII@KTHOM 
MHoxectse ACM. IIpuaumaa Bo BHHMaHHe, 4TO oTOOpaxeHHe, oOpaTHoe 
y(x), Takxke KOH®@opMHO, NowyuHM, uTo (yHKuuA 1/(x) orpaHwuenHa Ha 
BCAKOM KOMIHaKTHOM MHoxecTBe AC M. Takum o0pa30M, JIA BCAKOTO KOM- 
akTHOrOo MHoxecTBa AC M cytlecTBy!lOT NOCTOAHHbIe hy H Ay TakHe, ITO 


0 < hy Kd) < 00 


quia Beex xGA. 
Jlemma 7. Ecau cy6eapmonuueckan ynkyun u(x), onpedeaennan 6 M, 


OepanuueHa Ha si060m KOMnaKmHomM mHoscecmee ACM, mo u(x) ¢ W3(M). 
V3 memmpt 7 cyenyet, uto 4 (x) 6 W3(M). 


KoMMOHeHTHI Y;, Y2,---, Yn BeKTOpa y(X) MpHMeM 3a KOOPAMHATH B M. 
MyuKkuua yp, R=1,2,...,n, yRoBNeTBopset ypaBHeHuto Jlanmaca B KoopyH- 
HaTax (Y1,..+, Yn) MW, CAe€HOBATeIbHO, MMHUMH3HpyeT Tp ManHbixX PpaHHdHbIXx 


3HayeHHaAXx HHTerpan Jupuxse. B Koopfunatax (Xj,..-,%n) 9TOT MHTerpall 
OT 


paBeH 


3 (2) Renee. (1) 


Ox, 
OG ros ‘ 


Takum 06pa30M, 4, (xX) MaHMMusHpyer HHTerpan (1) DpH WaHHBIxX rpaHuy- 
HBIX 3HaUeCHHAX. 3HauHT, Ye (Xx) eCTb OOoOuleHHOe pelienue (°) ypaBHeHHa 


nh ra | 14 Oy 
> Ox; ayia ee] il 


i 


Ucnonmpsyi ycraHoBsieHHble yxe cBolicTBa (yHKUHH A(x) WU Ye (x), 
2 
k=1.2,...,n, oTctoa HeTpyHO ycTaHOBHTb cHayasia, 4TO Yp (x)EF W2(M), 
HM 3aTeM OObIUHbIMH MeTOfamu (°) TeOopHH ypaBHeHHH B YaCTHBIX MpOH3SBOLHbIX 
WOKa3aTb aHaJIMTHUHOCTH Up (x). 


Tlocrynuso 
Sex a1959 


IMTHPOBAHHAS JIMTEPATYPA 


1B. ® Karau, Ocnosp Teopuu nopepxuoctel, 2, M., 1948. 7? HW. A. Cxoyren, 
Jl. Ibk. CT pol xk, BBeqenue B HoBbIe MeTOAbI Auddepenuantbuolt reometpuu, 2, M., 1948. 
5M. A. JIappeutTbes, JAH, 95, Ne 5, 925 (1954). 4C. JI. Co60 eB, Hexotopne 
NpHMeHeHuA (YHKUMOHAIbHOrO aHaslH3a K MaTemaTuyecKkon (pu3uKe, JI., 1950. °* O. A. JI a- 
bl Kk eHCKas, Yen. matem. HayKk, 13, B. 6 (1956). 
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MATEMATHKA 


iO. A. PO3AHOB 


O CTAILMOHAPHDIX NOCJIEJOBATEJIBHOCTSX, 
~ OBPA3SYFOWIMX BA3HC ) 


(II]pedcmaeaexo axademuxom A. H. Koamozoposeim 27 X 1959) 


IIpv sMHeHHOM NporHosHpoBaHHH MHOTOMepHoro cTalMoHapHoro cvlyyali- 
Horo mpouecca x(t) = {x, (f),...,%,(4)} (Bpema ¢ npwenMaeT sub Wemble 
3HaYeHHA) BECbMa BaXKHBIM ABJIETCA BOMPOC O BOSMOXKHOCTH TpeACTaBeHHA 
BeJHUHH HawJlyuwlero NporHo3sa B Bue pana 


tL 
h= >) Dice (t) xe @) ea) 
R—=Wiek 
(cxofamerocaA B CpefHeM KBaflpaTH4YHOM) nO HaOJOMeHHBIM B MOMeHTbI Bpe- 
Menu t@T 3HaueHHAM xX, (f). 

O6o3HauuM uepe3s H sMHelHOe 3amMbIkKaHve B CpeHeM KBafpaTHUHOM BeJIH- 
uMH Xz(t), R=1,...n, —oo<t< oo. Kak o6pbmuHO, oTOxKeCTBUM BCe 
cylyualuble BeMUHHbI A, OTMMUAIOWIMeCcA [pyr OT Apyra JIMUIb C BEPOATHOCTHIO, 
paBHOH HyJiO, uM BBeyem B H ckanaApHoe mpousBepenne (fy, hz) = Mhyho. 

Bonpoc o mpeycTaBuMocTH cuyyalHbix BemmuHH AEH B Buye pana (1) 
€CTb BONPOC O TOM, KOr la cHcTeMa BeHUMH {Xz (t)}, R= 1,...,n, —o<t<oo, 
oOpasyeT 6a3Hc B rusmbOepToBoM mpoctpaucTBe H. IIpH paccmotpeHuu storo 
BOMpoca e€CTeECTBCHHO OFpaHHYHTLCA cyyuaeM, Korfla cucreMa {Xz (t)} MHHH- 
MaJibHa, T. @€. HUKaKaxd BeJIMUMHA X,(/) He UPWHawiexuT JIMHeMHOMY 3aMBI- 
K@aHHIO OCTAJIbHbIX BeJIMYHH ITOH CHCTeMBI. 

Ilyctb mpouecc x (¢) HMeeT cheKTpasbHyIo moTHOCTD f (A) = {fej (N)}e,ja1,....n. 

V3 pabote (7) (cp. (1)) BbITeKaeT Teopema | 

Teopema 1. JIza moeo «umo6ol cucmema {Xx (t)} Oblaa MUNUMaAoNA, 
HeEOOXOOUMO tL OoCMamounHO YCAoéBue. 


\ i i yokes (2) 


i 


2de Spf (4) = > Tre () ecmb cared cnekmpaavcHoi naomnocmu f (d). 


R=1 
Kak u3BecTHO, cucTeMa {X, (t)} MHHMMaJibHa Tora HM TOMbKO Torfla, Kora 


B rpoctpancTBe cyllecTByeT CONnpsAxKeHHad cucTeMa BeMMUHH {yp (t)}, T. €. 


Takaa, TO 
; (L Tempe =], bas: 


(xx (2), 47 (S)) = 10 upu k= j unu ts. 


Ec conps2KenHaa cuctema {yz (¢)} momHa BH, TO Kaxkyad BeMmuHHa 
hEH oHo3sHauHO onpejesaeTcA PAOM 


hy Dery ee 0); (4) 
k t 


rye cy (t) = (h, yz (t)), mpuyem ecm pay B (4) cxoguTcs, TO ero cyMMa H ecTb h. 
1199 


(3) 


IlycTb 


ain | ete (), Palo (5) 


—T 


cileKTpasIbHoe mpefcTaBslieHHe mpouecca x (Z). Kaxkpyro Benuunny 1h € H MoxHO 
MpecTaBuTb B CHeKTpasbHOM Buze (°) 


h= \ D) ge () Be (Ad), (6) 
—t k=1 
rye BeKTOP-(byHKUMA 9, = {1 (A), -- +> Pn (A)} YAOBMETBOPAET YCJIOBUIO 
| (ers fag) dd < 00. (7) 


athe 


CootHomenne (6) JaeT H3OMeTpHYecKOe CooTBeTCTBHe MpoctpanctBa TIpo- 
ctpanctsy L? BekTop-(byHKWMit ~, CO CKaJIAPHbIM IpOMsBefeHHeM (¢, 7’) = 
wT 


= \ (pa, faga) dd. 


—T 
B cuay ycnopunx (2) MHHMMaJIbHOCTH MaTpH4Had (byHKIUHA fx 
= {Pej (4)}x,j=1,....n HHTerpHpyeMa, WM NOTOMy BeKTOp-(byHKUMH BHsa e tty 8a, 


rye 6, = {0,...,1,0,...,0}— enuHMuHbI BeKTOp, NpHHayexaT MpocTpaH- 
erpy 7: 
OueBu HO, BEHUMHDI COMPAKCHHOM CHCTeME! {yz (¢)} IpeACTaBAIOTCA B BUTE 
nl v9 tn 
ye (t) = xe \ e D par 0) (dD), (8) 


OTKyja JlerKO cylefxyeT NomHoTa {yz (t)} B npoctpanctBe H; KoadppuuHeHTHI 
Ce (t) B pa3noxennn (4) — KospdpuunentTs! Pypbe PyHKUMH go, (A), yuacTBytO- 
Mux B npeszcTaBsenuu (6): 


Tw 


cn (t) =z \ ety dr. (9) 


Cnenya padote (*), OyweM Ha3bIBaTb MHHHMaJIbHyIo cucTemy {Xz (t)¥ 
GecceneBol, ecu Ana moGoro AEH Y) >| ce (2) >< oo, w ruab6ep- 
es: 
TOBOH, eC Asa MOObIX uHCeN Cc; (2), yi >} | Ce (t) |?» <oo, cymectByet h € H 
ale 
C TaKHMH KooPuNMeHTaMH pasOxKeHUA, 4TO Cz (t) = (A, yp (t)). 


Teopema 2. J[na moeo umo6er cucmema {x, (t)} Oolaa Gecceneeotl, HeOOXO- 
Oumo u Oocmamouno ycanoeue 


f(A) > ml (10) 
npu nKekomopom m>O0 OaA noumu ecex kh. 


Hokasatesberso. Kak uspectuo (°), ecm cuctema {xp (t)} Oeccenexa, 
TO CyltecTByeT nocTtosHHasa C Takas, 4To 


Dei <C| AIP, (11) 


41200 


4TO IIPHBOJUT K COOTHOLIECHHIO 
T 


\ llealPaw<c | (a, frp ar (12) 

—1 —Tt 

AJA M000H BeKTOP-PyHKUHH > € L?, orkyfa H BbITeKaeT yTBepxeHHE TEOPeMBI. 
AHasOrM4yHO NOKasblBaeTCA CyeMyIoulaa Teopema: 


Teopema 3. J[2a mozo umo6v cucmema {xp (t)} 6otaa euavbepmoeoti, 
HeoOxo0UmO UU OocmamouHO YcaroéBue 


PQ <MI (13) 
npui Hexomopom M < co Onn noumu ecex h. 
SaMeTHM, 4TO B Cuy4ae ruubOepTOBOH CHCTeMbI Ia JHOObIX UYHCeN 


Ce (t), SDylee (t) |? < co, pag (4) cxogutca (4). Takum o6pa3om, ecnu yHK- 
Bot 


WW (A) B CIeKTpawbHOM mpeycTaBnenuu (6) BenwuuHEl A MHTerpupyeMbt 
B kKBajlpaTe, TO B Cily4ae rumbOepToBocTH cucTeMbI {x,(t)} BemmuMHa A pas- 
JiaraeTcA B CxOZamMicaA pay (4). 

Hanomuym (°), uro HaumyuMM BenMuMHaM Xp (E, t) JIMHeHHOM 9KCTparo- 
JIAUMH HCM3BeECTHBIX 3HaYeHHH Xz (Zt), R=1,...,, MO M3BeCTHOMY MIpOLomy 
mipollecca — BeMYHHAM Xz (s),k =1,...,n, 8 <<t,— COOTBeTCTBYIOTB TIpocTpaH- 
ctpe L? BekTop-tbyHKUHH 


On (E, td) = (Pa, (DN), «+ +1 Pe, (N)}s 


KOMIIOHEHTHI Pj (A) KOTOpbIX OOpa3yloT MaTpHILy o(t, a 
4 t—t—1 
g(7,) =e%/aQ— > cata | ae (h), (14) 


s=0 
lee} 


a) F e CD, 
mie a(\) = », e—"Sq, —TpaHH4HOe 3Ha¥eHHe MaKCHMaJIbHOH aHaJIMTH4eCKON. 
s=0 
MaTpHubl Kacca >, 


a (d) a" (d) = 2rf (0). (15) 


Ycnosue (2) MHHMMaJIbHOCTH rapaHTHpyeT MHTerpupyemocTb B KBafpaTe 
9eMEHTOB MaTpHitb! a 1(A), u3 ycuoBua (13) BpiTekaeT, uTo ||a(A)|7><M 
MOUTH BCIO;Yy. 

Bpicka3aHHble cooOpaxKeHHA NO3BOJIAIOT 3aKJIIOUMTb, YTO SJICMeHTbI MaTpH- 
Wbl ¢ (¢t, t, A) Bcmy4ae THMbOepTOBOH CHCTeMbI {X, (t)} HHTerpHpyeMbI B KBaypate. 

Jlanee, BenwunHam Xp (¢, T) HanayumeH HHTepnOJIAWHH HeM3BECTHbIX 3Ha- 
meh X, (1), R=1,....7,46T, m0 Ha0JIOJeCHHBIM B OCTaJIbHbI€c MOMeCHTHI 
BpeMeHH 3Ha¥eHHAM Xz (s), k= 1,...,,SE7, COOTBeETCTBYIOT B NpocTpaHcTBe 
L? pextop-(byHKIMH, KOMIMOHEHTbI KOTOPbIX HMeIOT BHI (°) 


n 
: al “ 
eM, — D} pe) Dy Ose, (16) 
ji seT 
Pe Pe; (h) — dJIeMeHTbI MaTPUILbI fA: 
Pestomupya cKasaHHoe, momyuumM Teopemy 4. ; . 
Teopema 4. Ecau cucmema {Xx, (t)} aeanemcn eurobepmoésou, mo 6eAULUAOL 
Xp (t, 7) HAUAYUUEL AKCMPANOAAYUL HEUSCECMHOLX BHALEHUL Xp (ft) ies ene te 
no us6ecmHblm sHaueHuAM X,(s),; R=1,...,, SKt, BolpascaiomcsA 6 eude 
ps0a (4) no amum sHaueHUsM. 
Ecau, Kpome moeo, 6blnoAHeHO YCAoBue 


Tw 


4 17 
\ =rope <> me 


F) 4204. 


—T 


mo 6 eude pada (4) ebipaccaiomca uepes useecmHble BHALeHUA Xp (S), R=1,...,N 
SET, U GeAUMUHOL Xp (t,T) nHauayuweti UNMePNOAAYUU HeUSZBECMHOLX SHALEHUL 
te(t),-k = 1, .. lee Clee 

Cnenysa (4), cKaxem vuTo cuctema {x,(t)} oOpasyer Oe sycNOBHEII 
Oas3uc, eclH pH smo6ol nepecraHoBKe BeNMUMH X,(¢) OHa ABNAeTCA 6a 
3HCoM *. 

Kax noxasan MW. M. Tenpcbauy (4), cucrema {x ,(t)} oOpasyer Oesycs0B 
Hb Oa3Mc Tora UM TOWbKO TOrga, Kora OHA ABMAeCTCA OMHOBPeMEHHO } 
6ecceslepoH wu rumbOepTOBoOH. 

Kom6unupys TOMyYeHHble BbIWe pesyJIbTaTbI, MOMyYHM Teopemy 5. 

Teopema 5. J[na mozo umo6ol cucmema {xp (t)} Oolaa besycroéeHoim Oa3u 
LOM, HeoOxoOUMO U Oocmamo4uHO YyCAaoeue 


mI <f()<MI (18 
npu Hekomopoix m>0, M< oo Onn noumu ecex i, 


Matematuyeckult uncTuTyT um. B. A. CrexnoBa Iloctynuso 
Axaylemuu HaykK CCCP 19 X 1959 


IMTHPOBAHHAA JIMNTEPATYPA 


1A. HW. Koamoropos, boa. MIY, 2,. Ne 6, 1 (1941). 210) AY P os amos 
TAH, 116, Ne 6, 22.(1957). 3 H.oK.. Biappa, Yu.. sans JMDEY, 4,5: 148) GONG Some 
4V. M.Denbobauayz, Yu. san. MUY, 4, pw. 148, 224 (1951), = tO) ASP os anon 
Yc. MaTeM. Hayk, 13, B. 2 (80), 93 (1958). ® N. Wiener, Acta Math., 98, Ne 1, 2, 11) 
(1957); P. Masani, Acta Math., 99, Ne 1, 2, 93 (1958). *“P>Masani, C..R., 246.95 
2215 5(1958)5 = Pa M alsa, Gy Re 246) 2337 (1958): 


* 
T. e. cymma paga B (4) ne MeHneTcH np nepectaHoBKe cmaraembIx. 
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MATEMATHKA 


Toxnage Akagemuu nayrk CCCP 


A. T. CHPAJIOB 


Ob YCJIOBHAX KOMITAKTHOCTH CEMEMCTBA 
NOBEPXHOCTEM KOHEYHOLO TOMOJIOFMYECKOLO THIA 


(Il pedcmaenexo axademuxom IT, C. Anexcaxdpoeoim 9 X 1959) 


Ilycrp: 

a) MOBepXHOCTH ceMelictBa {7} exKaT B OrpaHH¥eHHOM YacTH OObeMMIOWLErO 
SIpOcTpaHcTBa; 

b) muioujanqu A (7) noBepxHoctel ceMelicrBa OrpaHHueHb! B COBOKYMHOCTH. 

OTH YCJIOBHA, aHaJIOrHUHble yCJIOBHAM TeopeMbI, WaHHOoH Tusab6eptom Avia 
KPHBbIX, He OOeCNe4YMBalOT KOMMAaKTHOCTH ceMelicTBa {7} OTHOCHTeIbHO MerT- 
puku Mpeme. Kak noKa3piBaeTCA B 3TOM 3aMeTKe, ECAH OFPpaHHYHTbcA ceMeli- 
CTBaMH HeBbIPOXJCHHbIX MOBEPXHOCTeH, YAOBJETBOPAIONIMMH YCJIOBUAM a), b), 
TO Jif KOMMAKTHOCTH cCeMelCTBa HeOOXOAHMO UH JOCTATOUHO BbINOJHeEHHe 
eCTeECTBEHHOrO YCJIOBHA PaBHOMepHOrO HeBbIPOKAeHHA. Pe3sysbTaThl HaXOAAT 
TipHMeHeHve B BapHalMOHHOM MCUMCJIeHHH. 

Bce paccMaTpuBaeMpie mopepxHoctu T: x = f(u), ué DCR®, xR, umeior 
KOHeEYHBIN TONONOrTMYecKHH Tun (H, r). STO O3HauaeT, UTO OOJACTb H3MeHeEHHA 
napaMetpos D romeomopdua mopepxHoctu pofla H c r rpaHHuHbIMH KpHBbIMH. 
Ciyuai r= 0, orBeyarolluli ceMelicCTBaM 3aMKHYTHIX NMOBepXHOCTeH, He lic- 
KouaeTcH. Bce KpuTepuu cbopMysIMpyloTcaA JWI CeMeHCTB OPHeHTHpyeMprx, 
HO He OPHeHTHPOBaHHbIX MOBepXHOcTeli. OpnentTallua moBepXHocTel, paBHO 
Kak H HEOPHeCHTHPYyeMOCTb He BHOCAT HHMYeFO CyLeCTBeHHO HOBOrO. B kayecTBe 
KaHOHHYeCKOH OOACTH M3MeHEHHA MapaAMeTPpOB paccMaTpHBaeTCA eAMHHYHBIM 
KBatpat K = [0,1; 0,1] c 3aqaHHbIM oTOwKecTBIeHHeM TpaHHYHbIX OTPeSKOB. 
Bee BekTop-@yHkiuu x = f(u) aOcouIOTHO HelpepbIBHbI B CMbICIe ToneJn, 
A UX U“aACTHbIe MpOUSBOAHHIe KBalpaTHyHO MHTerpupyeMpl. OObemuonlee. mpo- 
oTpaHcTBO Jt — MHOrooOpasHe C PHMaHOBOH MeTpHKOM. OroxecTBJleHHe Mapa- 
MeTPHUeCKUX MpelcraBleHHH OnmpesemneTcA Kak B (') MPH NOMOMLM 9/IeMeH- 
fapHbIX OMepalluH OAHOMepHOrO MOApassevleHuA WH YKPyMHeEHUA UM KyCOUHO- 
‘laKux mpeoOpasopannit oOacru D. Paccronune Dpeute 7(7;, T2) Memkyy 
wopepxHoctramu 7,: x = f,(u), uE Dy; To: x = fo(u), UE D2, paBHo 


inf p (fi, fe), ofr, fe) =supl fi (4), f2(u)|, 

fi» fe ueéD 

‘le HH2KHAA TpaHb GepeTcH NO BCEM BO3MOXHBIM TapaMerpwyeckuM mpey- 
‘TaBJICHHAM OBepXHOcTeH B OHO OOmacTH; |x, X,|— paccToAHHe Mery 
IBYMA TOUKaMM MHOroooOpasHa MR, onpesesAemMoe Kak HMAKHAA TPabb KPHBHIX, 
‘OCIMHAIOWINX TOUKH X,, X». I]puHaToe Blue OMpeseseHHe OTOXKeCTBIICHHA 
JO%KeT ObITh Telepb 3aMeneHo ycsoBHem: 7,=T>, ecau r(Ti, T2) = 0. 
YiHako anbHeliiee He 3aBHCUT OT STOTO PaCIUMpeHHA MOHATHA OTO*K]eCT- 
3, JIGHH A. 

Hasosem Kpupyto I): % cesenuem mosepxuoctu T: f(u), wD, ecau Ty 
IPCMeAeTCA KYCOUHO-TalKOl 3aMKHYTOH %OpaHOBOH KPHBOHM Yo, MerKalller 
sHyTpH D, usu %*Kopanopol Ayrou Yo, Wex*alllel BHyTpH D, ucKOUaA KOHLI. 

TlopepxHocTh BbIPOXKMaeTcsA, eCIH CyMlecTByeT NOCMeOBaTebHOCTS 
eueHnl {Pn : Yn}, MA KOTOpPbIX 


d(T) = osc tins vn} 0(n— 00), 


mpuyem su6o cevenna I, He pasOvBaloT NOBePXHOCTb T (BblIpoOKMeHHe 
TuMla MOBepxHOCTH), WH60 Kam oe ceyenve I, pasouBaeT T Ha 4acTH 


1G P= F(a) ee Di 1415 2: Di + Di, =D— ns 


ana Kotopuix d(T,) >%>0, i=1, 2; n=1, 2,..., % He SaBMCHT One 
(pacnaeuue nmospepxnocm 7). 

1. Teopema 1. Iycmo {T}— 3amKnymoe cemeuicmeo HEGLLPOHCOCHHOLX N0- 
eepxnocmeti muna (H, r), yOosremeopstoiuee ycaosusm a), b). 

Jan Komnakmuocmu cemeticmea {T} HeoOxodumo u OocmamouHO éBbInOAKE- 
HUC YCAOBUA: 

c) Onn s6020 ¢ > 0 natidemca maxoe 6 > 0, He saeucaAYee OM NobePXHO- 
cmu cemeticmea, umo Onn sto6o020 cewenua Ty us d(T) <6 caedyem, amo 1, 
pas6ueaem nogepxnocmo T, npuuem oOHa us 4acmeti umeem Ouamemp, MeHo- 
wut &. 

Tloka3aTesIbCTBO HeOOXOJMMOCTH YCJIOBMA C) Id KOMNAKTHOCTH CeMeHCTB2 
{T} 9NeMeHTapHo. 

TloacuuM XOf,| OKa3aTesIbCTRa JOCTATOUHOCTH Ha TIpHMepe ceMelCTBa T10- 
pepxuoctel {7} Tuna ccbeppi. Ilycts {Tn} C {T}. Moxuno cuntaTb, 4TC 
d (Tn) >8 > 0. [locnenoBatTembHOCTb {Tn: fn} MOXHO 3aMCHHTb MOCJeQOBa- 
TeJIbHOCTHIO TomMaApoB {P,:hp}, MMA KOTOPHIX CYIeCTBYIOT KYCOUWHO-KOH: 
(bopMHble TlapaMeTpw4uecKkue pesctaBmeHua ((1), ctp. 86 —90). BriOupaa He 
{P,} ACMMITOTHYeCKH HeBeTBammMeca paspesp tf 4 ((1), erp. 71—72) c quam 
HaMM, He MeHbIUMMH 8/2, MoxHO NapaMeTpHyecKkHe TipeACTaBIeHHA B KaHO 
HHYeCKOH OOslaCTH HOPMMPOBaTb TaK, TOO! BbINOJHAMOCb YCOBHe TpeX TO: 
yek ((1), cTp. 73). PaBnocTeneHHasd HeIpepbIBHOCTb 3STHX NapaMeTpHueCKH? 
MmpefcTaBJleHHH oKa3piBaeTca Kak B ('), cTtp. 74— 76 u Ramee JoKasaTeJb: 
CTBO JlOCTATOUHOCTH 3aKaHUHBaeTca, Kak B (1), cTp. 88— 90. 

2. Teopema 2. IIycmo {T}—3amKHymoe cemeticmeo Hepacnadariwuuxes 
nogepxnocmeti, Boobie 2060pA, pasAUUHbLx monoaoeuueckux munoe (H, fr) 
H<Hy, r<fo, yOoeremeopsiowux ycaoeunm a), b). 

Jlaa KomnakmuHocmu cemeticmea {T} Heo6xodumo u Oocmamouno éeoiInoAneHue 
YCAOBUA: 

Cy) Ons stobo2e0 = > 0 natidemcn makoe 86> 0, ne 3aeucaiyee om nosepx 
Hocmu cemeticmea, umo Onn stoboeo ceuenun Ty) us d(T,)< 6 caedyem, 4mo 
ecau Ty pasoueaem noeepxHocmb T, mo oOHa u3 4acmeli umeem Ouamemp 
MeHowull &. 

YcsOBMA C), Cy) BbIpaxKalOT PaBHOMePHOe HEBbIPOKMeHve (COOTBETCTBEHHO 
HepaciiayeHve) MOBepxHocTeH cemelicrsa. Hepapenctso d (I) << & MOxHO 3a 
MeHHTb B STHX YCJIOBHAX HepaBeHcTBOM / (I’)) < 6, rel (TC) — anuna Kpusoi TP 

JlokasaTesIbcTBO Teopemb! 2 cBOAUTCA K BHIOOpy MoOANoceoBaTebHOCTI 
{Tn,}, YHOBMeTBOpAOMeH ycioBuamM Teopempst 1, U3 nNocTeqOBaTebHOCTI 
{Tn} C {T}.' Buop {Tn,} CBA3aH C pacliienmeHveM MNoBepxHocTeli mocaeqo 
BaTeJIbHOCTH {7,}, KOTOpoe NOApoOHO onucaHo B (1), crp. 91 — 94. 

3. Ilyerb {T}—cemelictBso nopepxHoctel Tuna (H, 0) una cemelicTBe 
nopepxHocteH Tuna (fH, 7), [I KOTOPbIX JWIMHbI TPaHWOHIX KPUBbIX paBHO 
MepHO OrpaHM¥eHbl. 

Teopema 3. [aa Komnakmnocmu cemeticmea {T}, yoosremeop sole 
ycaogusam a), b), Oocmamouno eolnoAHeHUe YCAOBUSA: 

Cy) Ort st0602e0 © > 0 Hatidemca makoe &> 0, He saeucaiwee om T, ume 
ucboe cevenue Ty, £(Po) <6, pas6ueaem nosepxnocme T, npuiem oda U: 
wacmet T, umeem mun Kpyea u yOoesemeopsem «usonepumempuuecKomy He 
pasencmey» A(T 1)<q {l(U)"}, 20e g He saeucum om T. 

amedauue. Ecnu ordpocuts mpeanonoxenve, YTO AMHbI PpaHWuHbl 
KPHBBIX C€MCHCTBa PaBHOMePHO OrpaHH4eHbl, TO [A ClpaBewMBOcTH Teope 
Mbl 3 JOcTaTOUHO JONONHHTD ee CJIELYIOULHM ycCOBHeM: 

Cs) wa moOoro «> 0 Haligetcs Takoe 6 > 0, He 3aBucsatmee oT 7, oF 
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Ana Kapow uacta 7; CT tuna kpyra c rpanuueli T',, cocrosmeli u3 pyr, 
PM cr ul”, nexamet suytpu T, 13 d(l’) <6, J([)) <8 cnegyer A(T1) <e 
(3fecb I’ —rpanwuHaa KpuBad MOBepxHoOcTy). 

TlocraTounocTb YcuIOBMli Cy), Cs) AIA BBINOHeHHA YCIOBUA Cy) TOKa3bI- 
BaeTCA C MOMOUIbIO HSBeCTHBIX OleHOK (1), cTp. 77 —78. Sto wu faeT JoKa- 
3aTeJIbCTBO TeOpeMbI 3. 

4, Byjem ropopuTb, To mopepxnoctb T: x =f (u), u@D, Tuna (Hier) 
pacnawaetca N pa3, ecm HalijleTcA MOCMeNOBATeIbHOCTb KOHCUHbIX CHCTeM 
HenllepeceK alouluxca CeyeHHi 


Lael eae te eee 


pasOuBatomux nopepxnocts T wa N+ 1 uacteli Tre: x =f (u), ue D*®, k= 
Bl 2), 5 Need ,taxux, so d(l,) 0, k=l, 2,..., Ny (n> 00), d(T) = 
=osc{f, Di} >a>0 ana Bcex n, Rk. 

Teopema 4. ITycmp {T}—3amknymoe cemeticmeo noeepxHocmeli munoe 
(4, r), HSH, fr <r, pacnadarwwuxca ne 6onee N pas, yoOoeremeopsarowee 
Yycaoeusm a), b). ; 

Jlaa Komnakmuocmu cemeticmea {T} HeoOxodumo uU Oocmamo4HO «6olnonHe- 
Hue YCAOCBUA: 

C4) Ona s106020 ¢ > 0 natidemca maxoe §>0, He saeucaiee om T, «mo 
OAA s060li cucmembl Henepecekarowuxca cevenuti T,,..., Vy, pasduearowux T 
wa N + 24acmeti, uz 1 (Ty) <6, R= 1, 2,...,Ny, caedyem, «mo no Kpatinet 
mepe OOHA U3 4acMell, noAYyUAaeMOLX NPL 9mMOM, UMmeemM OUamMempP, MeHOWUI &. 

Jina Noka3aTembcTBa pacilleniaeM nmocseopaTesbHocTh {T,} C {T} Ha He 
6onee uem N+ 1 paBHoMepHo Hepacnayaomuxca mocieqoBaTembHOCcTeH, 10- 
oOHO TOMy Kak 93TO JemaeTca B ('), cTp. 91 —94. 


Hay'Ho-“cceqoBaTeIbCkHH pamuodusnueckuH MHCTHTYT Tlocrynusio0 
npuH TopbKoscKoM rocylapcTBeHHOM yHMBepcuTeTe & IDC 1958 
uM. H. VW. Jlo6auesckoro 


UMTHPOBAHHAS JIMTEPATYPA 
1A.T. Curaaos, Yen. matem. wayx, 12, Ne 1, 53 (1957). 
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Jloxxayn AKkagemuu Hayk CCCP 
1960. Tom 130, NM 6 


MATEMATHK¢# 


H. H. YPAJIBILEBA 


O PErYJIAPHOCTH PEWIEHHA MHOFOMEPHBIX JJIJIMNTHYECKHX 
YPABHEHHK WH BAPHAWMOHHbIX 3AMA4 


(IT pedcmaeaeno axademuxom B. H. Cmuupnosoim 26 X 1959) 


1. Paccmarpupaetca 3afaua Ha MHHMMYM (pyHKUMOHaJa 


I (u) =| F(x, u, ux)dx mp yclosuu u|s = 9(s), (1 
fe) 


rhe x = (Xy,..., Xn); Q—orpannueHHaA OOJIaCTb M-MepHOrO IIpocTpaHCTBé 
c TulaqKo# rpanuteli; p(s) — 3aqaHHad dyHKUMA Ha rpanuue S; n>2. By- 
eM lpesnomaraTb Bo BceH padoTe, uTO F Bab HelpepbIBHO Aucddepex- 
IupyeMa M0 CBOHM apryMeHTaM, IIpHueM BTOpble MPOM3BOAHbIe yAOBJeTBOPAIOT 
ycnosulo Tempfepa c moKa3aTemem & > 0 0 MepeMeHHbIM X, U, Ux MpH x EQ 

M JIKOObIX OFpaHHUeHHbIX 3HAUeHHAX WU MH Ux. 

Ilyctb, Kpome toro, F yOBJeTBOpAeT yCJIOBMIO peryJIAPHOCTH 

n 
Ai jEE; = Pay se SPI = TT Oia m7 > 0. (2) 

i=1 


Ecum 9(s) npogomxuma wa Q tax, ato 9(x) EW; (Q), p> 1, u F ynos- 
JIETBOPAeT MOMOJHUTEbHBIM TpeOOBaHHAM 


F <M, (|grad uP + 1);3 (3) 
F>m,|gradulP+Ll, m,>0, (4) 
TO, Kak Tlokas3as Moppu (4), cymjecTByeT O60OmeHHOe pellieHve 3aaun B Kulacce 


) 
(PyHKUMH, YLOBJETBOPAIOULAX YCAOBMIO U — 9 € W> (Q). Tubdbepennnanpupie 
CBOHCTBa pellleHHH BapHallMOHHOH 3anaun (1) mpu n>>2 usyyanucb B_ pa6o- 
tax (*°), B (?) noka3aH0, 4TO eCH MepBsle NpousBOAHbIe OOOOMeHHOrO pe- 
IWeHHA HelpepbiBHbl, TO UEC, (Q). ni n=2 Moppmn (') nonyana Gonee 
CHJIbHOe YTBeEPAXMeHHe: eCJIM OOOMLEHHOE PellleHHe BapWall\MOHHOH 3aa4u yOB- 
JleTBOpxeT ycnoBuio JIummuna, TO UEC), (Q’), Q’ CQ. T. VU. Wunopa @ 
WOKa3aJia HENPepbIBHOCTh OOOOUIeHHOrO pellleHHuaA, ecmM NOpayoK p pocta-F 
M10 Ml€pBbIM MPOH3BOAHBIM paBeH n(n > 2) (IA p >n IZTOT pesyAbTAaT cule: 
AyeT H3 Teopem Bloxwenua C. JI. Co6onepa). O. A. JlaqpiKencKasn (’) moKa: 
3ajla, YTO ecm F yfopmeTBopseT ycoBuam (2) — (4), a Takxe | 


Pay sty 58) > mz (|gradu|P-2 + 1) >\8?, my > 0; (5 
t=] 
O° F joi os ks 
dues, auynau' Oxy. ik dx in < M, (| grad u| are Sie (6 


V 
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TO OOOOMeHHOe pellleHve BapwallMOHHOl sayauH umMeeT OOOCMeHHEIe TpoMsBo~ 
HBIe BTOporO MopsAKa HM MOUTH BCIOLY yAOBMeTBOpAeT ypaBHeHHIO Diinepa; 
ecuIM 2ke F, KpoMe Toro, He 3aBMCHT OT WU UM xX AIA OombUIMX 3HaueHHit 
|gradu|, TO w HempepbIBHO H MMeeT oOrpaHHueHHble TepBble NPOH3BOAHbIe.. 
Ansa cya, koryqa F 3aBucHT TOKO OT MepBbIX TPOKSBOMHEIX UH p = 2, 
TKo«u (°) NoKa3a, YTO OOOOMIeHHOe pelleHHe Gy TET ipwuawiexatTb Co,, (22’), 
Oc Q., 

B wactosmleli.padore JoKa3biBaeTcH cCJleLyoulad TeopeMa, sABJIAIOMIaaca 
o6oOmleHHeM yKa3aHHO Teopemp! Moppu na curyyali su06oro n. 

Teopema 1. Ecau o606wennoe pewenue eapuayuonnot sadauu (1) umeem 
OepaHU4eHHole nepéeble NPOuseoONole (UAU, UMO MO oe, YOOBAEMEeopAem YCAo- 
euro JIunuuya) u F yOoeaemeopaem yKasaHHblm 6oiue YCAC6UAM enadKocmU 
U YCACBUIO peeyanpHocmu (2), MO UE Co,_ (Q’), 2de Q’ — nw6an enympeHHaa 
nodobsacme Q. Ecau pE€C3,_ (Ss) u epanuya S umeemn emopvle npouseodxele, 
yoosremeopsrouue ycaoeuio Teavdepa c nokasamerem a, mo uUECo (Q). 

JloKa3aTeuIbCTBO ONMpaeTca Ha [Be JIEMMBI, KOTOPbIe ABJAIOTCA OO60OnIe~ 
HHeM JIemM JI>KomxKH (°). 

Bpeyem culeqyrouue oOo3Hauenua: J (p)— wap paguyca p; osc(v; p) — 
komeOaHua cbyHKuuH v BI (p); Age Ww Bee —mepeceyenus J (p)c MHOKeECT-. 
BaMH, rie U>kRk wu vu<k coorTBertcTBeHHo. 


ByjeM roBopHuTb, 4TO Uv pHuawexuT KNaccy B(Q, 7, M), ecan v& WwW} (Q),. 
|\v|< M wu gaa moonix p, k uo, Ana KoToppix J (9) CQ, |RI|<KM,O<c<l,, 
BbINOJHAIOTCA HepaBeHCTBa 


(grad v)’?dx< E: \ (vu —k)?dx + mes Ag,o | 5 (7); 
Ap, e—ce Ak,o 

(grad v)"dx < Es \ (vu — k)? dx + mes Bp,o | : (eae 
Br, p—sop Birt 


eecb + = const > 0. 

JIemma 1. /Iva aw6oix vEB(Q, y, M), p, ¢ (O<o¢<1) cywecmeyem- 
O(c) maxaa, umo ecau I(p) CQ, mo us mesAg .<9(c)p" caredyem- 
mes Ai \sH-tcta, p—ap == 0, 20) A meat (vu —R). 

x k, e 

Jlemma 2. Jaa abbott v€B(Q, x, M) cywecmeytom makue nocmoan-. 

noe C, a (O<a< 1), umo ecau I (9) C Q, mo osc (us p) <Cpy%p%, 20 9 — 


paccmonnue om yenmpa cqepot I (p) Oo epanuyot oOaacmu XQ. 

TlokaxkeM, 4TO HepBple MpousBOLHbIe OOoOOueHHOrO pelleHHA uU 3afayuu (1) 
npwuasexatT Knaccy B (Q, y, M), ecu onn orpannuenbt BQ. OyHKunA uv 
YAOBNeTBOpAeT HHTerpayIbHOMy TOK JecTBY 


| (Fug ty + Fun) dx = 0 (8) 


0 o 
Ana mobo 4 € W5 (Q). Orcioga, ucnomb3syax npuem O. A. JlaqpoKencKoH (?),. 
n 


0 
8 1 ; 
nojiyuuM, TO \ » u2 dx <const m Aa su060H 4 EW 3(Q) wmMeer Mecto, 

em eo! 
TO2K JECTBO 


| (aijtts,», ce Pay atl, HK Puy xy) xx a | Fut, l=1,... m (9) 
Q 


Hlyctp J (p) Cc Q, 
{{ux, (x) — AS (e.) apa us, Sk, 
4 (*) = \'0 MpH Ux, <R, 
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rye p’—paccroanue or x No wenTpa cipeppi J (9), 


l, ecu p’<p — 99; 
C(o') =4(e 0’) / 9p", ec p— PLP SPS 
: ecIH p’ > p. 


OueBuyaHoO, 4TO (x) = 0, ecu x€ Jens 
V3 (9) cmenyet, uo 


\ [Qgjlbxyx Usyx,6 + AijUx)x; (Ux, _ k) om dx —. 
Ako 


= \ orpaHH4. (pYHKUMA + [Wepx 6 + (Ux, — R) G,] dx. (10) 


Orcioga, ucnoupsya (2) u HepaBeHcTBo ab <a? /2e + eb*/2, © >0, nony- 
gyaeM 
n 


my ui AX —< aI = \ (Ux, — k)?dx + mes Agy | ‘ (11) 
AR, e—op — Ako 
AuaJloru4Ho 
ut de <a — hyd B 11’) 
pW Ah | am (Ux, )?dx +- mes Bg, | « ( 
Br, pop ‘1 ; Brio 


Veccneqopanne pellieHua B 3aMKHYTOM OOacTH MOTpeOoBasIO AOMOHUTeJIb- 
HbIX PaCCMOTPeHHi. 

2. JIlemmpt 1, 2, Teopema 1 wm oleHKH MepBbIX Mpou3BOAHEIX U3 (°, ’) TO- 
3BOJIMJIM MCCJIeqOBaTb BOpOC O TOM, KOrfa BapHalWOHHad 3ayaya MMeeT 
KylaccHyecKoe pellienHe. C MOMOLIbIO STHX %Ke JICMM HM OWeHOK TepBbIX Mpo- 
M3BOUHbIX 43 (’) YCTaHaBJIMBaeTCH CYUIeCTBOBaHMe KsIaCCMY¥ecKoroO pellleHHa 
MepBoH KpaeBOH 3afaun JIA KBa3WJIMHeMHbIX JJVIMMTMYeCKUX ypaBHeHH Bula 


se (ai (x, wy us)) a(x, u, Us) = 0. (12) 

Ypapuenuve Qinepa TA BapHalMoHHol 3amaun (1) aBMaeTCa YaCTHBIM CJIy- 
yaeM ypaBHeHH Takoro Bula. Bce orpaHHueHuA Ha a; HM @ BbI3BaHbI, B OC- 
HOBHOM, JIMMIb *KeaHHeM NOyaMTb OeHKH max|u| u |ux|. UaBectast cary- 
yan, Kora OWeHMBaeTCA max|u|; MbI UX 3feCb NPMBONMTb He Oyem. Ouenka 
%Ke NMepBbIX IIPOM3BOMHIX PelIeHHH MPOBOAMTCA MpHeMOM, JaHHbIM B (*), IpH 
CJIELYIOMIHX YCMOBUAX: 


Oa. £ 
<a BE < Mg (gradulP? +1) 18, mg >0; 


Uy 


Ma (iatad | ae 


= J é=1 
aa, a 
Oy, Oy, <Mia(|gradulP* +1), p>2; 
ad | ota 
07a; ate 
Ou, Ox , <M (erad | wee (I) 
ay 
a, da; da 458 
sca] [acl > amc |<Mograd wp + 0) 
Oa; 0a, da ‘ 
dx,x,|? |x|? [ox |? |21<Mr(leradu? + 1s 
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OTH yCJIOBMA eCTeCTBeHHE!. OHH BBITIONHeHET, HampHMep, B Tex cylyyaax, 
Kora a; UM @ BelyT ceOA Kak MOJIMHOMbI OTHOCHTEbHO apryMeHTOB Ux,. Kpome 


TOPO, AONAKHO ObITh yNOBNeTBOPeHO OHO U3 CuleLyIouLUX TpeOoBaHnit: 
a) cyulectByer R>O takoe, uo ecu | grad u lek FTO 


' 


<6|gradu?P™; 


2 


. 
Ou, Ou 


Oa;| _ pa 

am |Selgrad a | ; (II) 
Ja | 
ii | Sol gradu |? WIM ah 


rye 6 MeHbIle HeKOTOpOrO unc. 

6) ose (u; Q)< 1. 

IIpu BbinowHeHuu ycnosul (I) u (II) (a) wm 6)) mpl rapantupyem cyuje- 
CTBOBaHWe KJlaCCHY¥eCKOrO peleHHA MepBoM KpaeBolt s3afauu, eC TObKO 
MOXKHO OWeHHTb max |u|. 

3. Hakonell, Hamu pacCMOTpeHO KBa3HJIMHeMHOe 9JIMNITHYeCKOe ypaBHeHHe 
Bua 
seen fi(G,) 1 0) u|> = (s). (13) 


oe 


Qi; (x; u) Ux 


B pa6ote (°) foka3aHa pa3pelmMMocTb 3ayaun (13) npn HeKOTOpHIx ycuo- 
BUAX, BbISBAHHLIX TCM, YTO aBTOP UCMOJb3yeT OWeHKH max |ux| 43 padorTHt (*). 
3aMeTHM, UTO, HACKOJbKO HAM M3BeCTHO, BO BCex paboTax MO MHOrOMepHEIM 
KBa3HJIMHeMHbIM ypaBHeHHAM 3uIMNTMYecKOoro Tuna (’, °) MMelIOTCA Te MAM 
WMHbie OFpaHvueHHA Ha BxOXKeHue camMoro U B KOSPPMIMeHTb! ypaBHeHUA. 
On He CHATHI axe mpH n= 2 (1°, 1). Mbt cyuMaeM 9TH OrpaHHueHua u 
WOKasbIBaeM paspeluuMocTb safauu (13) Bo BCex Tex cuy4aax, Kora yqaeTca 
OWeHvTD max|u| u Korfa a,; uf upw x€2 uMewrT orpanuyeHHble mpousBor- 
Hbie 10 CBOMM apryMeHTaM B OOOH orpaHuyeHHOl oOnacTH pocTpaHcTBa 


(U, Ux), a f YROBNeTBOpseT yCJIOBHAM 


max {if |,| 54], |S|1<Ci (gradu? + 1); 


ODA 


Ox 
oF | <C,(\grad ul +1 

eS 2 (| grad w| + i). 

Xp 

Ecau f smuuelina OTHOCHTeIbHO Ux,, TO ocTarouHO noTpeOoBaTb, 4TOOnI f 


yRoBleTBopada ycuoBuio Tembyepa m0 x, u. ; 
Buipaxato OarofapHocTh mpod. O. A. JlaqbbKeHCKOH 3a NOCTaHOBKY 38a- 


lauw Wu oOcyKeHHe padoTHl. 


JlenunrpamcKuit rocyapCTBeHHbI YHHBepCuTeT Tlocrynus0 
; um. A. A. )KqaHopa PAL IX, BS) 
LIMTHPOBAHHAA JIMTEPATYPA 
1¢. B. Morrey, Univ. Calif. Publ. Math. (N. S.), 1, 1 (1943). ?G. Stam- 


ia, Ricerche di Matem., 1, 200 (1952). 3 C.B. Morrey, Ann. of Math. Stud., Ne 33 
1954). HP AS I u oe pa, JAH, 102, Ne4 (1955). °O. A. Jlagpmweuckaa, 
PAH, 120, Ne 5 (1958). * E. De Giorg i, Mem. Acc. Sienze di Torino, 30, 3, parte! 


1957). 70. A. JlIaguxeuckas, JIAH, 107, Ne 5 (1956). §&C. C. Tumkos, 
AY 105, Ne 2) (1957). °® H. O. Cordes, Math. Ann., 131, H. 3, 278 (1956). 
1c. H. BepumTeiu, Yen. matem. nayK, 8, 82 (1941). ™B. HU. Waotruukos, 


[AH, 116, Ne 5 (1957). 
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Jloxnayn AkagemMun Hayk CCCP 
4960. Tom 130, Ni 6 


MATEMATHKA 


6B. B. WABAT 
METO] MOJYJIEH B MPOCTPAHCTBE 


(ITpedemaeaeno axademuxom M. A. Jlaspexmvesoim 5 XI 1959) 


B reoMerpwueckoli TeopHu (byHKUMi KOMIMJIeKCHOrO NepeMeHHOrO LWIMPOKO 
TIPHMCHAeTCA MOHATHE MOLYJA TOMOJOPMYeCKHX YeTHIPeXYTOJIbHHKOB H KOVJIEL. 
3a mocueqHee JecaTuseTHe 9TO MOHATHE TOJydHIIO HOByIO TpaKTOBKy B Tak 
Ha3bIBAeMOM MeTOJE SKCTPEMAJIDHBIX JIMH, BeZyUIeEM Hayaslo OT Memyape 
Anscopca u Bpépnuura (1). Ota TpakToOBKa leaeT BO3MO2%KHBIM MepeHeceHHe 
MeToa Mofyslei Ha 9BKJMOBbI NpoctpancTsBa smoOoro yuCa H38MepeHuH; [ss 
Goble HarsIAHOCTH MbI OrpaHH4HMcaA cCyyaeM TpeXMepHOrO MpOCTpaHCTBa. 

1°, Onpegenenune 1. Cemeftictso auuun. Ilycts B mpoctpan- 
CTBeHHOM OOnactu D 3afaHo HeKoTOpoe cemelicTBo {C} CNPAMJIACMbIX KPHBBIX. 
a TakxKe ME€TPHKA— H3MepHMaA HeOTpHaTeIbHaA (yHKUMA p=—p(P), rye 
P—rouxa D. Merpuky p Mbl OyqeM cunTaTb LONYCTHMOH, ecnM Dus 


m1000H KpHBoH C cemelicTBa \pds> 1. Hy 2KHI0IO rpaHb 0 BCeM JlONycTH: 
é 
MEM p M= inf | o? dw OyeM Ha3bIBaTb MOY eM cemelictBa {C}. Tomeo- 
fe) 

Mop(pHoe oToOpaxkenne P,=/ (P) oOnactu D ua D, OyfeM HasbiBaTb Q-K Ba 

3UKOHPOPMHBIM, eCH OHO MMeeT Henpeppipuble B D yacTHble pos 

BOJHbIc, efO AKOOMaH BCIOMyY NOMORKUTeMeH H B KaxpoHw ToukKe PED er 

rylaBHad JIMHeHHad UuacTb UpeoOpasyer B cchepy 2MMMCOu,, OTHOMeHH 

p=a/c Ooubwou MosyocK KoToporo K MaJOlt orpaHHueHo: p(P)<Q. 
Teopema 1. pu Q-Keasuxondopmnolx omoOpasxenuax modyao cemett 

CMA KPUeblLX MOKEM MeHAMOCA 6 O2PAHUMEHNOLX NpeOeAAX, BABUCALUX AU 

om Q; mounee, ecau {C,} —oOpa3 cemeticmea {C}, mo 


M {C}/Q?<M {C3 < QM {C}. (1 


B camMom jeje, nyctb p(P)—npousBombHaa MeTpuKa, jomycTuMaa f 
cemelictsa {C}. Ha D, onpezenum cyuxuuto p,(P,)=p(P)/u(P), ra 
P=f(P,) « #=r/a—nunumanpuoe pactaxenne f B Touke P(r —pa 
Wuyc cepbl, CooTBeTcTByioulel sMMCONAy); p,, OYeBHAHO, JoNycTHMa Au: 


{C,}, 00 ds, >uds (ds,—snemenT fumupt C,) u \ 0, ds. = \eds> l. B 


em C 
akoOMaH oToOpaxenua J =r? / abe = ya /bc<y8Q? (a> b >c — nonyoe 
aNMMMCOMAa, MpeoOpasyemoro B cibepy), nosTOMy 


MIC} <int | p do, = int\ ° Sdo<@M (Cc). 
Ox e D 


Ds 


IIpumeuaa Te xe paccyxKeHua K oTOGpaxKeHmo fl, TaKxe Q-KBa3HKOI 
(bopMHoMy, Tlosy4HM seByro yacrs (1). 

Ompeqesen ue 2, CemelictsBo noBepxuocted. [ycrp {S}- 
CeMeHCTBO KBapHpyeMbIx noBepxHocteli B D; Metpuky p =o(P) 6yzem cu 
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TaTb MONYCTUMOHN, ec Aa mMOGOH MoBepxHoctu S cemelicrBa \ ode > iby 
§ 
Mowysaem cemelictsa {S} 6yyzem HaspiBarp M {See int | o'dw, rae HMK- 
e 
HAA TpaHb OepeTcsa MO BCeM JOMyCTHMBIM 9. i‘ 
Teopema 2. Ecau {S,} —cemeticmeo, coomeemcmeytouee {S} npu Q-Kea- 
3UKOHopMHOM OMmOOparceHuu, mo 


M{S}/Q<M{S,} < QM {S}. (2) 


M3 reopem | u 2 Buyuo, 4TO MofyumM cemelicTB KpHBLIX H mMoOBepxHocTeii 
HHBapHaHTHbI TIpH KOH@OpMHbIX OTOOpaxeHHAX. 

Sameuaune. Tlonp3yacb pesymbtraramu A. U. Mapxymesuya (2), MoxHO 
3HAYMTEJIBHO OCMAOUTh TeOpeTHKO-*pyHKUMOHAbHble OlpaHMdeHHA, HaslO2KCHHBIC 
BBIIMe B ONpefeseHHH Q-KBa3HKOH@OPMHBIX OTOOpaxkeHHH. 

2°, IIpumep 1. D—npsamoyronmpupili napannenenuney: O<x <a, 
O<y<8, O0<z<¥y; {C}—cemelicrBo Bcex CIPAMJAHeMbIX KPHBBIX, CoelH- 
HAIOWAX BePXHHe MH HW2KHHe OCHOBaHHA. Mmeem 


M {C} = aB/y°. (3) 


B camMoM jlewe, Tak Kak JuHa mo000H C He MeHblle y, TO pp) = 1/74 — 
RonycTuMaxA MeTpHkKa, coorsercTsyiomM o6bem M = a8 /?. Tyctb p — mpo- 
M3BOJIbHadA JOMyCTHMaxA MeTpHKa; Mo Teopeme MyOunu u HepaBeHcTBy [esp- 
jepa 

a B X ! a B % 3 g 
e eo ° a 
\ odo = \ ax | dy\ o8dz > =z \ dx\ dy (2) a 
D 0 oOo 0 es 0 
; 
u60 TaK KaK IIPAMOJIMHeEHHbIe OTPe3KH BXOAAT B {C}, TO \odz> 1; (3) qos 
0 
Ka3aHo. ; 

IIpumep I’. D kak B npumepe 1; {S} — cemelicTBo Bcex KBawpHpyeMBIX 
MOBepXHOCTeH, PPaHMMbl KOTOPHIX JlevKaT Ha OoKOBbIX rpaHax D. Merpuxa 
09 = 1/V «8 nonyctuma, coorsetcTByrouyuii o6pem M = x/V «8. [lyetb p—npo- 
M3BOJIbHaA JOMyCTHMad MeTpHka; mo Teopeme MyOuHH u HepaBencTBy [Tenb- 


mepa 
(i ede) de 


rye S,—ceyenve D wa Bpicote z. Tak Kak S,€{S}, To \\ edo 1 u 
Sz 


\ 0 dw >> ——. Takum odpasom: 


D Va8 
M{S}=4/Vop . (3) 


3Sameuaune. Ilyctb {Cy}, {C.} a {C3} — cemMelicTBa CIIpaMIAeMBIX KpH- 
BbIX, COCAMHAIOINAX COOTBETCTBYIOWIMe MpoTHBOnOoxHbIe rpanu D. V3 (3) 
umeem M {C,} M{C.} M{C3} =1. Ecnu {Sp}—cemelicrBo kBaypupyeMmbix 
MOBepXHOCTeH, OKAHYMBAIONIMXCA iy wear CBOOOAHBIX OT KOHILIOB {C,}, TO 
u3 (3) u (3’) nonyyaem M {Ce} = “4 Sz}. 
rn u uh 2D — lapoBoH ceKTOp: 74 < ESS Car OS G22 000 05 
(r, y, §— nouapHble KOOpyuHaTh!); {C} — ceMeHCTBO BCeX CIIPAMJIACMBEIX KPH- 
3* 1244 


BbIX, COCMHAIOMIMX chepwueckue rpannubr D. Mmeem 
M {C} = 4m sin? (8,/2) / In? (re/r1). (4) 


B camMoM jee, MeTpHKa ep =1/rIn(r/r1)  nomyctumas, 160 


ig) 
\ 0, ds oo odr=1 yaa moOok C, coorTBeTcTBy!OulHH oObeM paBeH T1paBon 


( T1 
gactu (4). Ilycts p — Npou3BoubHad OMycTHMadA MeTpHKa, 


on 8 ra 
a = de sin 0 dé \ err ar 


th 
HO TaK Kak, eCJu \ pdr ty 10 \ rrr 2 are (ae (2TO ROKa3bIBaeTCA Me- 
I 
% ler 


TOWAMH BapWalMOHHOro HCUMCIICHUA), TO 


Qn 8) 
\ dg\ sin §.d0 = 


0 


1 


4m sin? (09/2) 
In? (2/1) 


\ dw > Int? (tof? aia 
D 
YTO WH TpeOyeTca. 

IIpumep 2’. D xak B mpumepe 2; {S}—cemelicrBo Bcex KBajlpupy- 
eMbIX IOBEPXHOCTeH, PpaHUIbl KOTOPbIX JlexKaT HA KOHMYECKOM YaCTH PpaHHUbl 
D. VUimeem 


M {8} = In(ro/r1)/2V sin (0/2). (4’) 


JlokasbipaeTca MeTOLaMH, AHAOrMUHbIMH TIPeAbIAyULMM, C MCHOMb30BaHHeM 
HepapeHcTBa Tesbyepa. 

Sameuaune. V3 (4) u (4’) cnenyet, sto M{C} = 1/ M?{S}. 

IIpumep 38. D—uwnaunypuyeckoe Kombo: y<r<fe, OSG < 2r, 
O0<z<H (r, 9, 2—WnaMH~ApHMuecKkue KOOpfMHaTHI); {C}— cemelicTBO BCex 
CIPAMJIA€MBIX KPHBbIX, COC]MHAIOMIMX BepxXHHe HM HMKHUe OCHOBaHuA D; 
{S} — cemelicTBo BceX KBaJPHPyeMbIX MOBepXHOCTel, TOMOTONHEIX B D KoUb- 
HaMery SOP Se 732 2) O25 <i) ee 


M{C} = 1/M2{S8} = 2 (2 — 1?)/H?. (5) 


IIpumep 4. D kak B mpumepe 3; {C}—cemelicrBO BCex 3aMKHYTBIX 
CHPAMJACMBIX KPUBbIX, TOMOTONHBIX OKPY2KHOCTAM f=fy, Z= Zp (11 <1) < fo, 
O<z,<H); {S}—cemelicrso Bcex KBaypupyeMbIX NoBepXHocTeli, ToMOTON- 
HbIM IIPAMOYTOMDHHKaM © =, fy<r<f, O<z< H. VWmeem 


M{C} = 1/ M*{S} = H (r. — 1) [ 4m? ryre. (6) 


IIpumep 5. D kak B mpumepe 3; {C} —cemeiicrBo Bcex cnpaAMssaeMbIx 
KPMBbIX, TOMOTOMHbIX OTP€3KaM P= G, Z=%, fr<r<ry (0<z%< AH); 
{S} — ceMelicTBO BCeX KBaPHpyeMbIX NOBepXHOCTeli, TOMOTOMHBIX IMJIMH pam 
f= 7, 02 She 7 ee ieen 


M {C} = 1fM? {S} = 2H/2V ir. — Vira). (7) 


3°, OOmne cBolicTBa. Byyem na3pipats IKCTPCMAJIbHOH Jo- 
MyCTHMy!O M€TPUKYy, B KOTOpOH OObeM OG6saCTH COBMafaeT c MOZyseM pac- 
CMaTPHBaeMOrO C€MCHCTBA KPHBbIX MIM ToBepxHocteli. Cyenyromaa Teopema 
YTBepAKMaeT CMHCTBCHHOCTbh SKCTPeMaJIbHOH METPHKU JIA WaHHoro cemelicTBa. 

Teopema 3. Okcmpemanonan mempuka sadaHnoeo cemeticmea K PUBDLX 
UAU NnoeepxHocmelt onpedeastemcaA eOUNCMEeHHbIM OOpasom C mouHocmb10 Oo 
MHOCecmb6a LVOSEMHOL mepLt 0. 
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HoKaxkem Teopemy jia cyuad cemelicrsa KpuBEIx {C}. Tlyetb 9; W py — 
ABE SKCTPCMaJIbHbIX MeTPHKM JIA STOO CeMeHCTBa, T. e. \ 0 do = \ 03 do = 


b D 
= M {C}. Metpuxa p = (0, + 9,)/2, oveBuyHO, JonycTHMa jwId 9TOro cemeli- 


CTBa HW, MHTerpHpya no D toxgectso 1/, (p8 =f 03) = 1/5)(Opict b2)* 4" [Slo = 
— Pz)" (01 + ps), Halizem \ (P1 — 02)” (P1 + P2) dw <0, orkygqa py =p, nou 


D 
Bcioly BD. Jina cnyuaa cemelicrpa mopepxHocTell JoKasaTembcTBo noliqer 
+, = if 
aHaJIOTHUHO, ec BbIOpaTb JonycTumyio Metpuky p= V4/, (G21 PN Mae BOE- 
Pi + 4pipep? + po 
3 
pe + 2p8 + pe 
Cueflyrouue [Be TeopeMbl pacnpocTpaHsioT usBecTHBe npuniunet Ipeua 
M3 TeOPHH KOHMOPMHHIX OTOOpaxKeHHH (cM., Hampumep, (°)). 
Teopema 4. Ecau dea cemeticmea Kpueolx (uau Osea cemeticmea nosepx- 
Hocmetl) c modyanmu M,, M, nescam 6 Henepecexarmwuxca o6nacmax D,, De 


u mpembe cemeticmeo, rescawee @ D=D,UD,, noayuaemca oOsedunenuem 
OaHHelx OBYxX, MO MmoOYAb’ nocaednezo 


M> My + Ms. (8) 


Ilyctb p— JonycTuMax MeTpuKa Ja TpeTbero ceMelicTBa, Tora py =P 
BD, pp =90 B DD, OyneT 3aBeomo yoNycTuMoH ua k-ro cemelicTBa 
(k = 1, 2), uw (8) cnenyeT u3 TOxecTBAa 


Sdo = \ od Sdws 
\e 0) \ ¢ o+ \ o @ 


Dy Dz 


NOJIb3OBaTLCs] TOK JIECTBOM aE: (p3 a 02) = 9? + 1/, (01 — pr)? 


Caegcrsue. IIpu «pacumpenun» cemelicrsa (MOBepXxHOcTel UJI KPHBbIX) 
efO MOLYJb MOXKET JHUIb YBeIMUMBATECA. 

Teopema 5. Ecau cemeticmea Kpueoix {Cy}, {Cy} pacnonodcenol 6 nene- 
pecexaroiyuxca o0nacmax D,, Dz u Kasdan Kpuean cemeticmea {C} cocmoum 
us oOHOtt Cy u OOHOLL Co, mo 


L/V M{C3>1/V MiC3+1/V MiG}. (9) 


Zan cemeticme noeepxnocmeti {Sy}, {S2} wu {S}, o62adarwujux memu sce 
C60LLCM6AMU, 
1 / M?{S} > 1/ M?{S,} + 1/ M?{S,}. (10) 


IlyctTb pg — MeTpHKU, JONycTuMble Jia ceMelcTB KpMBEIX {Cz}; Tora AA 


mo6oro k, O<A< 1, MeTpuka p = do; B Dy, p = (1 —A)p2 B Dg, oueBugHo, 
qonyctuma fia {C}, w HHTerpHpoBaHueM osyyaem 


M {C} <M {Cy} + (1 —0)°M {C3}. 


BpiOupaa h = V M{C,} / (VM (C3 +VM {Gabi nogwyuuMm (9). 

Jina cemelicTB MoBepXHOCTeH JOKa3aTeJIbCTBO aHaJiOrH4uHO, HYXHO JIMIIb 
nonoKuTb p= Vp, B Dy, p=V1—Xp, B Dz w 3aTeM  BbIOpaTD 
A= M? {So} / (MP? {Si} We M? {So}). 

Cuencrsnue. Ilpu «yanuneHuM ceMelicTBa (KPMBEIX HJM NoBepXHoctTel) 
efO MOYyJib MOXKET JIMUIb YMCHbWAaTbCA. 


MocxkoscKult rocyZapcTBeHHbIM YyHMBepCcHTeT Tlocrynua0 
um. M. B. Jlomoxnocosa 30 X 1959 


WMTMPOBAHHAA JIMTEPATYPA 


1L. V. Ahlfors, A. Beurling, Acta math., 83, 101 (1950). ? A. Ws. Map- 
Kymesuu, JAH, 28, 301 (1940). 8 JI. H. Bou kospucku it, Keasukonpopmupie 
oTo6paxkenua, JIbpos, 1954. 
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Jlorxagp Axagemun nayr CCCP 
1960. Tom 130, N 6 


MATEMATHKA 
B. UH. IOMOBHY a ST 


NEPHOAMYECKME BY KEHHA BASKON 
HEC)KMMAEMOM DKHKOCTU 


(11 pedcmaeaeno axademuxom C. JI. Cobonceom 5 XI 1959) 


TlokaspipaeTca OHA TeOpeMa CYHICCTBOBaHHA «B IesOM) Mepvowvyeckoro 
pelieHuaA y HesMHelHOrO OObIKHOBeHHOrO AudPepeHuvabHoro YypaBHeHHA B 
mpoctpanctge Tusp6epra. Ilouyuenupit pesymbTaT NpuMensAeTcCA Jasee K U3y- 
YeHHIO MepHOAMYeCKUX PeXKHMOB J[BHXKCHHA BASKOH HeC2KUMaeMOM 2KUAKOCTH. 
OTMeTHM, UTO COOTBETCTBYIONIad 3aaua C HavaJIbHbIMM JaHHbIMM U3Zy4aslacb 
Bale). 

ieee B CellapaOesIbHOM rumbOepToBoM NpocTpancTBe H OObIKHO- 
BeHHOe UdPepenwalbHoe ypaBHeHve MepBoro MopxKa 


Lx =dx/dt + Ax + Kx =f. (1,1) 


Cyeaem clenyroulne npeynomoxenua: 1) x = x(t), f=f(4)@H ana cuxcu- 
popaHHoro t¢€(—oo, +00); 2) A—ne 3aBucamMi OT BpeMeHU MHHeHHBIN 
onepatTop c muioTHo B AH o6macTbio onpenenenua Dy (anementTet u3 Da 
Ha3bIBalOTCA Jlasiblile ruiayqKuMH); A CHMMeTPHUHIM, NMOJOKUTeIbHO oOnpene- 
JICHHBIM: fia smio6oro raagkoro © (AM, M)y>¥%7?|@O|2,; A+ Bnonue He- 
IIpepbIBHBIN; 3) Kx — He 3aBUCALMM OT BpeMeHH HeJIMHeHHbIM OMepaTop, eli- 
cTBylomMi us Dy, B H w Takol, 4TO ANA raankux DO (KO, MO), >0; 
4) onepatop A? Kx mMoxeT ObITb MposouxKeH Ha Bce MpoctpaucTBo H Kak 
HenpeppiBHBI; 5) f(t)—T-nepwoguueckan dyuKuua ¢t: f (t+ 7)=f (2); 
6) max'|f lly < 90. 


O6o6OmenHbM T-nepHoxuueckKuM pemeHuem ypaBHenua (1,1) 
Mbl Ha3bIBaeM BeKTOP-(pyHKUMIO =x (t), YAOBJETBOPAIONLyIo  YyCJIOBHAM: 
/ 


a) x(¢+ 7) =x(t); 6) max || xp < 00} (| A" xlzrdt < co; b) aaa smo6oro 


0 
@ (t) = Daz, CHbHO AMpdepenunpyemoro no ¢ u T-nepHosMuecKkoro, BEINON- 
HAeCTCA TOKMECTBO 


T = 
NIG x, FP) (Ae, Al Ont (A? Ke, A*D)y|dt =\ (f, dt. (1,2) 
0 


Sey 


Teopema 1. /ycme eeinoaneno yeaoeun 1) —6). Toeda ypaenenue (Lit) 
umeem He meHee OOHOeO Ob0btWeHHO2o T-nepuoduuecKoeo pewleHus. 

Hakaaypipad wa K ycnoBua riayKocTu, MO%xKHO NosyaNTS TeOpeMy e€]HH- 
CTBeHHOCTH NepMOAMYeCKOrO ABHKeHHA pv Magix f. JLocraTouHo, HampuMep, 
NOTpeOoBaTb BbINOJHEHUA YCOBUA 


JAo* Key — AW Kxa| 9 (xf, xa) | 4— A” x9, 
rye (x1, X2)->0, Korga ||x1||, || x.|—0. 
AA MOKazaTebcTBa UCHOb3yeM MeToy TanepKuna B caeLyioueli cpopme. 


CTpouM NocJeqoBatTeNbHOCTS {Xp} BUA Xn = >) Arn (t) Oe, Poe {,} — KaKaa- 


k=1 
HHOyNb NowHad B H cucrema, mpu4em o,€D,. Bextop (Ain (¢), Aon (f), . 
1214 


..-> Ann(t)) onpexensetca kak NepwomuyecKoe pellenve HewMHefHOl CHCTeMBI 
OObIKHOBCHHBIX JudpepenwHasbHblx ypaBHeHui 


(Ein: fn = Gon (R= 2,0.) Yn). (1,3) 


JJokaxkem, 4To cucTema (1,3) nomycKaeT He MeHee ofuoro T-nepnoyuue- 
€KOrO PelleHHA Tx m060ro0 n. Ymuoxas k-e ypaBuenne cuctempr (1,3) Ha Agr 
4 cyMMupyx lo k or | fo n, HoyuMM ypaBHeHNe sHepruu B BUZe 


Tog Vale + VA xnlee < (Fs anda (1,4) 


Ilombsyacb ypaBHenuem (1,4), werko oKa3aTb, uTO cucTemMa (1,3) npu 
JNOOLIX HAYAJIBHBIX TaHHEEX (Aj9, Ago, .-+, Ano) uMeeT pemlenue (A, (ft), A; (Z),..- 
..-, An(¢)), orpaHwuenHoe npn O<t<oo. Moxuo, Takum o6pasom, ompese- 
JMTb B N-M€pHOM IipocTpanctBe KosddPunnentow (A;,..., An) oneparop K, 
momarad K (Ajo, Aggy, - - - » Ano) = (Ai (T), Ay (T), -.-, An(T)). Bsegennoe 
3ecb MpeoOpasopanue HenpeppiBHo. Tlomp3sysacb ypaBHeHuem (1,4), moxHO 
ycTaHOBUTb, 4TO cepa || xn|<R npu goctaTouHo Oompuiom R mpeobpasyerca 
onepatopom K 8 ce6s. Ilo teopeme Bpayspa(") saKmouaem, uTo cymecTByeT 
XOTA Obl OfHa HeNO{BMxKHaA TOUKa. CooTBeTcTBYrOIIee pellleHve cucTembl (1,3) 
6yjleT, OVeBH AHO, NepHowuueckum. 

Jlanee HeTPyHHO TloKa3aTb, YTO CUPaBeNIUBbI CELYIOULMe OMEHKH WIA Xp! 

ie 


el<emax|ff, | [A xalPdt<—e | UF Pae. (1,5) 


CymjecTBOBaHve OGO6lIeHHOrO NepHosMyecKoro pellieHua ypaBHeHua (1,1) 
JerKO ycTaHaBJIMBaeTCA Tellepb Ip MOMOMIM Mepexofa K N—>oo. Haksagpi- 
Bad Ha onepatop K jasibHeliive OrpaHvueHiaA, MOXKHO IIpOBecTH UccseqOBa- 
HHe TlalKOCTH NOJTYYeHHBIX pelieHHH. SameTHM, HaKOHEW, YTO MOXKHO pac- 
€MOTPeTb ypaBHeHve HeCKOJIbKO Oosee OOmee, 4em (1,1), Ro6aBuB B JeBOH 
gacTu (1,1) Mampi onepatop K,x uw jonycrus, uro A 3aBucuT or t T-ne- 
puosuuecku. 

2. Ilyctb o6macTb Q pocrpaHcTBa AByxX HJM Tpex u3MepeHHu 3anouHeHa 
BASKOH HeCKMMaeMOH XKUAKOCTHIO, HaXOMAllelica NOW WelicTBueM Nepuoazuue- 
CKMX M0 BpeMeHH c HepHogqom TJ BuXxXpeBbIX MaccoBbIX cH f. CKopocTb Ha 
rpanune S o6mactu 0 cunTaem u3BecTHOM HM TOwKe T-nepHosuyecko M0 Bpe- 
menu. Ilocrapum 3aqauy 06 oTbickanun 7-nepwomquueckux TeyeHHM 2XMAKOCTH: 
HaiiTu BeKTop v(x, t) u dyHKuuto p(x, 1) (x EQ; £€(—oo, + oo)) 10 ycnoBuaM 


Ly =0v/dt + (v, )) v—vAv = i——Vp, v,p=const>0; (2,1) 


divv = 0; (2,2) 

Vis = a. (2,3) 

v(x, t+T)=vi(,t), p(%,t+T)=p(x, 2. (2,4) 

Ilycrb BpInomHeHbI creqyroujue ycsloBus: 1) 02—orpanuuenHaA oO6slacTb 

¢ rpanuuel, cocrosmei u3 m s3aMKHYTbIX WoBepxHoctTelt Sj, Ss,..., Sm Cc 


HeMpepbIBHOH KpuBUM3HOH *; 2) cylecTByeT HelpepbIBHO Audepenuup yempilt 

no t H WBaxKb HeMpepbIBHO AuppepeHuupyembl moO x; BeKTop a(x, ¢) Takol, 
> > 

ato diva=0; als =a; a(x, ¢+ 7)=a(X, ¢); 3) « yQoBseTBopaeT ycOBHAM 

(a) 

\ a-ndS =0(k=1,...,m); n—uHopMamb K S. OTo ycnopve o3HayaeT 

Sk 

(u3H4eCKH OTCYTCTBHe HCTOUHHKOB BHYTpH Mopepxuocteli S;,. B cayuae 

m= 1 oHO aBaAeTCA cileqcTBHeM (2.2). 


* Ecau a le = 0, ycmoBHe riaqKOCTH rpaHHIbl M3JIMWHe. 
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Bpegem culeqyiouyve (PYHKUMOHAJIbHbIC MpOCTpaHcTBa- 

H,— 3ampiKanve mHoxKecTBa Q rilagkux T-nepwoswueckux COseHON AAI b= 
HbIX BeKTOPOB, Hcuesalolux BOH3H S, B HOpPMe, NMOpOKACHHOM CKaJAPHbIM 
TIpousBeyeHHeM 


whe 
(u, w) , = { rot u-rot wdx df. (2,5) 
a: 
H,— 3aMblKaHve MHOKecTBa Q B HOpMe 
ie 
lati, =\ \( 
0 Q 


O6o6ueHHEIM T-repHoyuueckuM pelleHveM 3ayjauH (2,1) — (2,4) HasbiBaeTca 
BeKTOp v=a-+u, rae u€;, max|| uly, (a) < co-m Qua mooboro T-nepHosH- 
t 


r 


Ou 
“OL 


+ | Au’) dxdt. (2,6) 


ms 
yeckoro (x, t)@S yoBmeTBOpAeT MHTeErpaJIbHOMY TOKecTBY 


A ZS j 
\ \ [stata vy) u-O — (un, v)a-O — (a, yu-O— 
0 2 
—vrotu-rot ® + f,-O] dxdt = 0, (2,7) 


rye f; =  f— 0a /ot —(a, v)a-+ vAa. 

Jina cBeqeHun 3afauH oOTbICKaHuA u(x, ¢) H OObIKHOBeHHOMy udppepeH- 
IlHasIbHOMy ypaBHeHuIO B IpocTpaucTBe L,(Q) focTraTouHO, KaK 3TO CeaHO 
B (°,®), mpHMeHuTb K ypaBHeHuio (2,1) onepatop P opToroHasbHoro MmpoeKk- 
TuHpoBaHua B L,(Q) Ha mommpoctpancTBo H’ — 3amMbikKaHHe MHOxKecTBa Prilaq- 
KHX COJICHOMaJIbHbIX BeKTOPOB, paBHHIX 0 BOmu3sH S. IIpu nomomu pe3syuJib- 
TaTOB 1. | BbIBOAMTCA Teopema 2. 

Teopema 2. Ilycmo eoinonHeHet ycaoeun 1)—4) u, Kpome moezo, 
imax | Fu, (a) < 00. Tozda 3adaua (2,1) — (2,4) umeem ne menee odH020 0606- 


WeHHOeO T -nepuooduueckoeo pewleHun,. 


Jina uccneqopanua WuddepeHuMaJbubix CBOMCTB NOMyYeHHOrO OGOOMeHHOrE 


pellleHHA JIpeqBapuTesIbHO pacCMaTpMBaeTCA  COOTBETCTBYIONaA JIMHeiHaA 
3ayjaua. 


~ eopema 3*.ITycmo u(x, t)— o606uwjennoe T-nepuoduseckoe pewenue ** 
sadauu 


du / ot —vAu = F (x, 2) —— Vp, 
divui=0, wis=0, sulysee T) =u(x, f), 
Zlonycmum, amo S o6aadaem nenpepoienod Kpueusnoii FEL, (r>1) « 


Qr = Q x [0, T], F(x, £+7)=F (x, t). Toeda cytyecmeyiom o00Owyennole 
npouseodnole Ou / Ot, O7u / Ox; Ox, u 


(2,8, 


[tl SE (Fie, can) + max| uc, «@)). (2,9 


Ecauu FEW 6 Qr u epanuya S L+2 pas nenpepoieno Ougddepenyu 
pyema, mo 


(rat 


l 
D° — a6an npouseoduan nopsdKa 1 no x;, t. 


r a : 
ae 4 bs, on Dial dx dt <C(|F hy (Qn) + max luc. ca); (2,10 


* CooTBeTcTByoMlHe Teo 
** Bpowurca 
HeHHbIM WHeH. 
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PeMBI TOJYYeHbI HAMM VW JIA 3aauH C HauvabHbIMH JaHHbIME 
PaBeHcTBOM (2,9), B KOTOpOM nOojjoKeHO a=0, fF=F a BbIOPOWMeH HEH 


IIpu nomouyz tTeopempt 3 u HepapenctBa O. A. Jlagpnxencxoit (4) BBI- 
ONUTCA 

Teopema 4. /ycmo éeinoanenot ycaosun meopeme 2 u ¥(x, t)€L,(Qr) 
t>2). Toe2da o606wernnoe pewenue sadauu (2,1)—(2,4) v=a-+u, 2de 
16 Hs, 6 3-mepHom cayuae, UGH, 6 2-mepnom cayuae. 

Janee, @ 2-mepHom cayuae, ecau few? (Qr), oD ee D'ué 
a, (Qr). I pul=1, r>2 o606wennoe peuenue 6yOem u eee 

Cnyyai HeorpanMuenHolt o6nacta Q ucuepmpiBaetca OM8KHMM paccmoTpe- 
iMimMu. B oOulem culyuae cyulecTByeT, MO-BUUMOMY, GOouee OAHOTO OG6O6IIeH- 
foro Nepwofuyeckoro pemenua. [pu pocTraTouHo Mambix Trulalkux f ua 
MOXKHO AOKA3aTh TeOpeMy eAMHCTBeHHOCTM pellienua sagaun (2,1) — (2,4). 
‘B MaJiom» MOXKHO TakxKe MPOBeCcTH WasbHeliiee uccseqoBanue uddepeu- 
IMaJIbHBIX CBOHCTB pellieHHa 3-MepHo 3ayauu. 

3. Metoy Tanepxuna B copme, gqaHnHoli Bn. 1, sauacryo HesddeKTHBeH, 
Tak KaK OH CBA3AH C OTbICKaHHeM TepHOmMecKUX pelleHHii HeHHeMHbIX 
SMCTeM OObIKHOBeCHHEIX JudepeHuMabHbIX ypaBHenuli. [lostomy uMeeT CMBICJI 
paCCMOTpeTb HHOM BapwaHT MeTona TasepKuHa, B KOTOPOM jleO CBORMTCA K 


a 
pelleHuio [amreOpamueckux cuctem. Ilycrb {$,(x)}—momHaad B mpocTpaH- 


cTBe Myo * cucTtema wu de (x)E IZ RON Bynem vckaTb mpHOmH2xKeHHOe pe- 
WMeHve sanaun (2,1) — (2,4) B Bue 


nh 
Va=atus=at+ D [Audi (x)sinkt + Berd: (x) coskt]; Av=0. (3,1) 
k, L=0 
Axi, Bey — KOHCTAHTHI, OMpeedseMple u3 amreOpauyecKol cucTeMbI 
T T 


\ Lvn-$1(x) sin kt dxdt = | \ f-d, (x) sin kt dx dt, 
Q 0 Q (392) 


0 

if Fe fhe 

\ \ Lv n+; (x) cos kt dx dt = \ f-¢; (x) cos kT dx dt 

ie) ire) 
(iO Mle arcrh trae 0 ele ce arei 


Cuctema (3,2) oka3biBaeTcad paspelmuMol mpu smo6om n. [loKaspiBaetcs, 
YTO MHO*KecTBO {U} COJepXKUT MOCMeAOBATeMbHOCTh, CXOMAMLYIOCA CHIbHO 
& 

BL, B MPOCTpaHcTBeHHOM cutyyae u BH, B MMOCKOM CJlyyae K OOOOIIEH- 


HOMY pellenuio sayauu (2,1) — (2,4). Ecau {b_(x)} BblOupaioTca kak B (°), 
MOXKHO TIOJYUUTb OMeCHKH OBICTPOTbI CXOMMMOCTH B pa3JIMUHbIX HOpMaXx. 

Pa6orta BbIIOJHeHa B CeMHHape MO HeJIMHeliHbIM 3afayaM MeXaHHKM TIP 
Poctosckom-Ha-Jlony rocyfapcTBeHHOM YHMBepciiTeTe 0, PYKOBOACTBOM 
HM. VY. Boposuuya. 


PoctoseKuli-na-Jlony Tlocrynuso0 
rocyWapCTBeHHbIli YHHBeEpCHTeT 4 XI 1959 
ie INMTHPOBAHHAS JIKTEPATYPA 


1 J. Leray, J. Math. Pures et Appl., S. IX, 12, | (1933); S. IX, 18, 331 (1934); Acta 
Math., 63, 193 (1934). 2 E. Hopf, Math. Nachr., 4 (1950—51). %A. A. Kuce- 

es, O. A. Jlaguxeunckas, Has. AH CCCP, cep. matem., 29, 655 (1957). 
240. A. JJanu«xeuncxaa, JAH, 123, N 3 (1958). *&C. IT. Kpetiu, Yen. matem. 
fayK, 12, 8. 1 (73) (1957). ° UL. E.CoGonescxuk, JAH, 128, Ne 1 (1959). 
"TI. Cc. Anexcaugzpos, KomOunatoppaa Tononorua, M., 1947. ®C.T. Kpeun, 

AH, 93, Ne 6 (1953). 9H. WH. Boposus, B. UH. OgoBuy4, JIAH, 124, Ne 3 (1959). 


* SampiKaHHe MHOMKecTBAa rlaKHX COJCHOMMaIbHbIX BeKTOPOB, paBHElx 0 Bonus S B 


HOpMe, MOpoxeHHOH cKaNAPHBIM MpousBezenneM (U, Wi = \ rot u-rot wdx. 
Q 
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Jlorzagm Aragemun nayx CCCP 
1960. Tom 130, N: 6 


MEX AHHKA 


B. Jj. BOHJAPb 


HEKOTOPbIE TOUHbIE PEWIEHHA YPABHEHHM COBMECTHOCTH 
JIA KOMMOHEHT TEH30PA JAE®OPMAILHH TIPH TIPOCTOM 
HATPY )KEHHH 


(ITpedcmaeaeno akademukom JI. H. Cedosoim 9 XI 1959) 


B paGore JI. HW. Ceyopa (*) noKasaHo, YTO TIpocTOMy Harpy2KeHHIO OTBEe: 
yaeT jle@OpMalluA HeKOTOpOrO cllelHabyoro Tula, H NOyyeHbl ypaBHeHUs 
COBMECTHOCTH, KOTOPbIM JOJIXKHbI YAOBJICTBOPATb KOMIIOHCHTLI TEH30Pa KOHEU- 
HOH jedopmMaunu ¢,; pH Wpocrom HarpyxeHuH. Huxe Oyqem paccMaTpHBaTE 
ypaBHeHHA COBMeCTHOCTH B OosIee TOMpOOHOM Bue HW YkKax%KeM ABa TOUHBIA 
pelleHuA STUX ypaBHeHHH. 

B pa6ote (*) ypaBHeHHA COBMeCTHOCTH JIA BeJIMUMH &,; IIPHBeAeHbI B BUME 


0G, ; Pet OG. j = (0) (B 
oe! oe! ; | 
ine (Gon; Gay — Gopi Gayj) = 0, (2 
rye 
(Heat OE de 5, Oey; ‘a|| = |] 90 Op ne 3 
ee oe! oe ae” ? lg | aia 2°. = S200 || ; ( | 


Ooo D7 PAMHMUHEIM TeH3OP, Kosppuluent k MOxeT _HPHHMMaTb MpOK3BOJIbHBIE 
3HaueHHA B uHTeppase (0,1). B stax u nocnenyiomux cbopmysax, ecaH He 
OrOBOpeHO CHellHasIbHO, TO MOBTOPAIOULMMCA WHeKCaM & HM ® TIpOM3BORUTCS 


CYMMMPOBaHnue. Hesapncumnre YpaBHeHHA COOTBETCTBYIOT CJI€YIOUJMM CHCTe 
MaM WMHJTCKCOB: 


ijuy sd 212, 1313) 2823 4421352123 ois (4 
Matpuunoe coorHomienve (3) MOxXHO TIpeqcTaBuTb B (opme 
*aoy ATs ke 
Ig"? =r let + El gSall— [exo + A [Pee 


rye 


l= 0 0 0 L492 
N= | Sou + 2kego | =) Di eae peer ee | 
0 70 70 ' cs | 
I;, I;, 13 —WHBapvanTbl TeH30pa KOHeuHOM pecbopMaluH, oTHeceHHoro K 6a 
3HCY HavaJIbHbIX cocToAHMM. IIpH ucnomb30BaHMM STOFO COOTHOIIeHHA CHCTEM 


ypaBHeHul (2), BBUAy MPOWSBONbHOCTH KospPuuMenta k, pacnaqaetca H 
TpH CHCTeMbI ypaBHeHut 


Boxitjuy = = Om bea Boeri = 0, Cea IBD ym =e 
Syecb BBeJeCHbI O6O3HaYeHUA 
B eseipas == Goey Gans aa Gaur Geof, oun | =e | Fae ars 
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Mrak, mp yehopmannn, orpevaiomelt npocromy Harpy 2KeHHIO, KOMMNOHEHTHI 
30pa KOHEYHON ePopMaluM TOKE yOBMETBOPATb cuenyrouLuM 24 ypaB- 
MAM COBMeCTHOCTH: 


0G, . 0G,,; 
Lea es 


Bearinn = 0, Saw Baa a 0, Sats Boaiay =—="(); 


B oOiem culyyae STH ypaBHeHua HesmHelHbIe Cc “aCTHRIMH TpOM3BOJHBIMH 
poro mopalKa. 


Kak ykaspiBaetca B (1), omHoposnast (appunnaa) yecopmanusa e;; = const 
ycKaeT mpocroe HarpyxeHue. JIpyrue pelieHua cucTempr (5) MoxHO 
TH M3 culeqyomMx coodpaxenul. Tlonoxus 


Oop 
Glas 


Gyyi a Gyin are 


? 


$y, — HeKOTopble (pyHkunH KoopazuHar &!, &, &, mpl yoBmeTBOpuM nep- 
16 ypaBHenuam cuctembl (5), IPH STOM JA KOMMOHeHT TeH30pa KOHeU- 
fedopmanvu u BenMuHH Bagjpy HMeemM copMysbl 


; | PCr roe) 
a ‘ 


OueBuJHO, UTO OCTAIbHbIC ypaBHeHHaA cucTembl (5) BbINOWHAIOTCA, ecru 
peOyem, uToOnl (yHkuuH >; YROBMeTBOpANM ypaBHeHuAM 


Boaiju = 9, (7) 


a,o=—1,2,3. Oro osHauaeT, uTO Bce (pyHKUMM ¢;; 3ABHCHMbI Apyr OT 
Ta WM, CleOBaTesbHO, MOryT ObiTb, BOOOMLe TOBOPA, BbIPaxKeHbl yYepes 
y 43 Hux. B cuny papeHcTBa (6) BCe KOMMOHEeHTHI &;; OYLYT MPOH3BOMb- 
(4 PYHKIMAMM OHO KOMMOHEHTHI, HallpuMep 11: 


Sf apr lee 0- (8) 
Bmecto ycuopu (7) MOXKHO NOXUMHUTD (pyHKuuN >; ypaBHeHuaM 


By Neat — 0 Tipu a=, 
Dalia == => Baarite npu ao, 4,0 = Ik J. 3, (9) 


3TOM ypaBHeHHA COBMecTHOCTH OyAyT BbInOTHeHbI. M3 papencTB (9) Ha- 

y c peyblaqymuM pellleHwemM cmeqyer pellieHve, B KOTOPOM cpelM (yHK- 
jj TP, MMeIOUIMe pasMUHbIe NepBbIe HHACKCbI, NPOMSBONbHDI, a PYHKILMM 
[MHaKOBbIMM TIepBbIMH MHAeKCaMH 3aBHCAT pyr OT Apyra NO JIMHeMHOMy 
Hy. Mimenno, BblOpaB B Ka¥eCTBe IPOM3BOUbHLIX PYHKUBH 41, doe, dg, 
*M MMETb: 


4 b ¢ 4 a 
- avin, dis = bday; ber = — bea dog rarae doo} dsr = > $22 bse = os 33, 


a u b—rIpow3BOMbHbIe MOCTOAHHBIe. ITO COOTBeETCTBYeT CJeLYIOULMM 
[(CHHAM KOMIIOHEHT TEH30Pa KOHEYHOH LePOPpMalMH: KOMIMOHEHTHI &y1, 22, &33 
AZBOJIbHbI, a 


4 4 4 1 te a 
i (4211 AP = ®s) is 5) (Ge11 an = 3) mez St a +(+ E29 7 Prey (10) 
MatemaTuyeckuii uncTuTyT um. B. A. CrekoBa Hocryno 
Axayemuu Hayk CCCP 29 X 1959 


WMTHPOBAHHAS JIMNTEPATYPA 


JI. YU. Cegos, Ipuxa. matem. u mex., 28, B. 2 (1959). ? H. E. Kounn, Bex- 
€ VCUNCTeHHe HM Hatamta TeH3opHoro ucuncmenus, Haq. AH CCCP, M., 1951. 
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JIoxnagn AkayeMunl Hayk CCCP 
1960. Tom 130, Ni 6 


MEX AHH 


B. JI. KAH u A. C. KEJIb3OH 


OB YCTOHYUMBbIX MH HEYCTOMYUMBbIX TPAEKTOPHAX 
MPOMOPILMOHAJIBHOM HABHTALMH 


(IIpedcmaeneno axademuxom B, H. Cmupxoeoim 9 VII 1959) 


KuGepHernueckuii MeTO HCCeOBaHUA MpONOpUMOHaIbHOH HaBHrallut 
orpaHuuMBaica WO CHX Op clyyaeM, KOrla HaBMuTallMoHHad nocrosHHas 5 = 
CuntTaslocb yCTaHOBJIeHHBIM, YTO 3aMKHYTOe pellleHve Jaye MpocTeHile Ki) 
MaTuuecKoli 3aqauu Juin D>2 nomwyuuTh HeBosMoxHO. JloKK (?) nuueT, 
pelieHHe YpaBHeHHH JBHXKeHUA B SaMKHyTOM (opMe MoxeT ObITb Halil 
TOMbKO pH b = 2; ecau D=42, HyxKHO NPHMCHHTb YHCJIeEHHOe HHTeErpupoBal 
Ilostomy B MHXKeHepHOH MpakTHKe MpHMeHAJICA MeTO MOJeMpOBaHHA 
SJICKTPOHHBIX C¥YeTHOpellaolluxX ycTpolicTBaX. TakuM lyTeM, OfHaKO, Hed 
OWCHUTb BCIO MpOGJeMy B WeJIOM H NOJYYHTb OOWLMe BEIBOAbI, OC3OTHOCHTEL 
K KOHKPeTHbIM 3Ha4YeHHAM TapaMeTpOB HM HavaJIbHbIM yYCJOBHAM JBHXKEl 
Kpome Toro, YHcIeHHOe HHTerpupoBaHve LudepenUMasbHEIX ypaBHeHHH 
MYUICHHOTO JBIOKeHHA He NO3BOJIAJIO HHYeFO CKa3aTb OO YCTOMUHBOCTH ,; 
o*KeHuA. ponopunonasbuad HaBurallua MpelcTaBAeT COOOK «CJIOKHYIOY B3al 
3aBucHMy1o cucTemy (*), He JomycKarloulyio HccseloBaHHA MO MeTOLYy «A 
HaliTe dbakTOppl 10 OfHOMy». MmMeHHO nosToMy Ooulee TPYAHbIM NyTb aHadl 
yecKOrO HcceOBaHHA mpoOsIeMpl He MOxKeT ObITb OTOpouleH. Paccmot 
MIpONOpUHOHATbHY!O HaBHTalHiO Ip JOObIX WeJIOUMCJICHHbIX 3HAYeCHHAX H. 
TalluOHHOH MOCTOAHHOH. 

Hudepeniuabuble ypaBHeHHaA WfleaIbHOrO JBY2KeHHA OCECHMMeTP HUI 
o6beKTa B TOPH30HTaIbHOM nsocKoctu (+) 6yAyT 


mop = (T +er0*)a; Ip = — ky (v) 8 — ke (v) @ + hg (0) a; 
g=q—-W+a—y $+r=% b=dy; 
a = Vs COS y — U.COS 1; an = vsiny —v,siny 
(o603HaueHHA Te Ke, 4TO B (})). | 
Ilokaxkem, 4TO cucTeMa ueTbIpeX NOceqHHx ypaBHeHui (1) n03Bo. 


NONYUMTb 3AMKHYyTOe pellieHHe TIpH MIOObIX WeNOUMCNeHHBIX 3HaUeHHAX H 
TallMOHHOH ToctosHHOU. IIpeactaBuM aTy cucTemy B Buse | 


(hes v. [Cos 7’ pcos (O== 1)4a = 6, ) l= Ue (a), 
ay = — vs [sin + psin (b— 1) (ny — &)] = — osf (xm), 


re O6osHayeHO p = V/Us; & = (6% — bo) /(bD— 1), a uHneKc Hy coo" 
CTBYyeT HaWaJIbHbIM s3HaveHHAM MepemenHbIx. Muterpupya sty cuctemy 
sHauenua Db = 3, HaxXOZMM ypaBHenue TpaeKTopuu 

4 
See toe psin2 (y—«) + sin 7 if Hy | tg */2 (u — £0) — tg 1/2 (my —€0) | 3B; cte & 
Ao p sin 2 (jo — €0) + sin yo tg */2 (No — &o) — tg 4/2 (n; — €0) 


cos ; Sec? T/o(q;— 2) , 
2 [2p cos 3 (qe) Fos a] Yi — KOPHH VpaBHeHHa it 
= psin2(j—s) + siny=0. pu p> 1 nocnequee ypapHexue umeer B. 
MexyTKe O<y< 2m ueTbIpe BeLeCTBEHHBIX KOPHA. | 
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rie bjs 


[IpH aCTHbIX SHAYeCHHAX ¢) ypaBHeHWe TpaeKTOpHu Mpunumaet Goviee 
cTOH BHA. Tak, npn b= 3, s& =0 umeem 


2(p’—1) 


a. |) i — cosy Tiga 


ao 4 — cos Yo 


pa iPro 
2(1+2p) | 1+ cosy | 2(@p—1) | 1+2pcosy 
1 + cos Yo 1+ 2p cos 


Murerpupya cuctemy (2), (3) qua caysan b=4, nonyyaem ypaBHenne 
eKTOPHU 
cy Pore (5) 


) 


tg (4 — &) — tg (n; — £0) | 
tg (Yo —.£0) — te (n; — €o) | 


3 
psin3(y—&)+siny ie Il 
_ p sin 3 (no — 0) + sin o 


i=1 
eo (= COSiep) " cds n; sec (n; — &o) ; 
iia sin €9 [3p cos 3(n;—€) + cosy] ’ 7 FORE Dee 


i 0. 
TouHoe pellieHve Avid sm00bIX IeMOUNCIeCHHDIX 3HaveHHH HaBMrallHOHHOl 
TOAHHOU paciiaaeTca Ha Ba cyan: Db HeuetHoe u b yerHoe. Cuctema (2), 
IIpHBOAUTCA K BULY 

n 


ej Pte Un — es) + sing ae \ cos 7 dn 
0 Oo—t psin(b— 1) (No — £0) + sin yo b—13$ psin(6—1)(n— e) + sin ~ 
No 
(6) 
S cuyaae 5 uHeuetHoro, b=2m+1, m=O0,1,2,..., untTerpan B (6) 
MeT BUI 
= ( 2 [cos e9 (4 — 22) — sin ey-22] (4 + 22)? ? Ae (7) 
J PQam—q (2) + (1 — 2%) (4 + 22)? sin ey + 22 (1 + 2)? cos € 


2=tg4/s(y—8); Qam—1—omMHOM (4m— 1)-H crenenu. Takum oOpa- 


, B 3HaMeHaTeJie TOMHOM cTeneHuH 4m. Ecmm ero KOpHM 2}, Z2,.--, Zams 
lajee paccyKeHHA MpoOXOAAT Tak 2%Ke, KaK B cayuae D= 3. 
Tana 5 uetHoro, b=2m+2, roe m=0,1,2,..., wHrerpan (6) paBeH 
Zz 
jae \ (cos €¢9 — z sin 9) (4 + 22)\"—1az (8) 


2 PQom+1 (z) + (sin Eq + zcos Eo) (1 aie zy ) 


z=ig(y—e&). B 3Hamenatene nonuHom ctTeneHu (2+ 1). Ecau ero 
WM 21, 20, .--, Zom4+1, TO Manee paccyxK dae TaK Ke, Kak B catyuae b= 4, 
Jocue Toro Kak HOJlyueHo ypaBHeHHe TpaekTopuw a=f(y), TNoubL3ysch 
emow (1), merko HaxoyuM 4, %, o, 7, 9, 8 KaK (PYHKUMM yruia NoBopoTa 
1M BUSMPOBaHHA ‘%. 

{PHBU3HaA TPaeKTOPHM, OMpeeseHHad B MOJAPHIX KOOPANHATAX Q, x, 
4 

7 [a + (an)?] + (a@- 7) 7—a-Na 

[a* + (an)?]* sgn (ds/dt) 


ee (9) 


yuuTpipaa (2), (3), 


Ay edn p? (oscicos: Ome) (= so)or aD 10 
. a [f? (q) + F? (a)? sgn (s) a) 


‘ak Kak f(y) BCerfa wMeeT (MexKAY KOPHAMM)) MOCTOAHHBIM 3HaK, 

5) = son (n), uOo Ayra Bo3pacTaeT C pocToM y, TO npH p> 1 KpuBusHa 

0, KpHBax Bcerga BbINyKIa MO OTHOIMeHMIO K TIpAMOH, coequHAIONLeH 

KT C IeJIbIO. 

ACCMOTPUM TOBeeHHe OObeKTa BOMM3H Wemu, Korgqa a-—>0 uM CKOpocTD 

KTa Ooubille cKkopoctm menu (p>1). Ms (3) caegyet, 4To mpu xy, 
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ABJIAIOULEMCA KOPHEM ypaBHeHHs 

f (4) =siny + psin (6— 1) (j—&) = 9, 
Tpousolizer mu60 TOUHOe COBMeleHHe OObeKTa M Mes (MepexBaT) pH | 
mu60 y = 0. 

Ypasyenne (11) umeer B mpomexytKke 0<y < 2m posHo 2(b — 1) 
CTBCHHBIX KOPHeH, paclOJIOXKeHHBIX B IpOMe?KyTKaX Me?KAy MaKCHM 
WM MHHYMyMamy cbyHkuun sin (6 — 1) (7—8&), Tak Kak 3Hak f (y) Ompezes 
B 93THX TOUKaX 3HaKOM BToporo cularaemoro. Kopuu (oOo03Ha4ueHHble B MIC 
BO3PaCTaHHA 1, --- sh 
HOcCTpoeHHble B  JIOOOM 
Ke mlocKocTu, eA 
JlacTb BOKpyr TOUKH Ha 2 
yroB, YpaHullaMu KO 
cayKaT IpsAMyle yj =. 

Hasopem KOpeHb ‘7; — 
UMBbIM, eCJIH IPH Haxox 
¥, B IpHsierarouleM K HeM 
Tope C BO3pacTaHHeM Bp 
yy. PyaKuus f (yn) He} 
3HaKa Mex ]Y KOPHAMH 
YCTOHYMBEIX KOpHeH JK 


ObiTb y > 0 pu y< HI 
mpu 4 > 7. Ho saaxu vy 


IIPOTHBONOJIOKHEI. CH 
Puc. 1. Pacnpegemenue ycTOHUHBbIX H HeycToHunBbIxX TeJIBHO, AAA ycrou 
KopHeli B calyuae b = 4 KopHelt f(y) <0 npuy 


f(y) >0 mpa n>. 
quia ycrowunppix KopHet 7’ (yj) >0, Alia wHeycTotuupprx  f’ (vy; 
3amerum, uto f’ (y:) He MOxeT OOpaljaTbca B HYJIb U, CweoBaT 
(11) we uMeeT KpaTHBIX KOpHeli. SHauuT, f’ (y;) HMeeT Tlonepemenubie 
WIA M1, Yo, +--+» Yoib—1)- CleMOBaTebHO, yCTOMUMBbIe HU HeyCTOUUMBEIE 
yepemyroTcd. YcTOHYHBLIM KOPHAM COOTBETCTBYeT COJIM2KeHHe C Wed! 
yCTOHUMBLIM — ylaseHve OT We. OTO CNewqyeT U3 TOFO, YTO KOE 
ypapHenua (11) mpu moycranopKe B f’ (j) H B BbIpaxkeHve F(y) wa 
BO BCeX CJly"aAtxX pasHble 3HaKH. 

O6ulan cxeMa pactipeleseHua KOpHeH y; H 3HaKOB a (IIpu 3aanH 
HMMeeT BU, MpecTaBeHHbId Ha puc. 1, rye NocTpoeHue cyemaHo AA 
M TepBbiit KOpeHb 4, UPHHAT AA ompefemenHocTu ycroituupym. Ipu 
XKeCHHM NO NpAMOMMHeMHOM TpaeKTopHu y= y, rye f’ (yz) > 0, ycTouy 
vMeeT MeCTO «B OOJbINOM», TaK Kak f’ (y) HU, Cle MOBaTesbHO, 7 He } 
3Haka MexK]y KopHamu (11). Takum o6pa30m, s1060e BosMylleHHe, He. 
qsamee 3a cocequuli KopeHb, OyfeT saTyxaib, CTPeMHTECA K HyJO, Té 
mp wepexBaTe y BCerfa paBHO yj. YAanenue mo Upamol, rye f’ (- 
He€yCTOHUYHBO «B MaJIOM». | 

PaccMoTpHM BuxKeHHe OObeKTA BOWIM3H ycTOHUHBDIX KopHel. Pack 
lipapble YacTH (2) uw (3) B pAMbI BOH3H YCTOMU4MBLIX KOpPHel, HMeeM 


: a~ ds [cos y — pcos (b — 1) (n; — &)] = 05F (qi); 
an — vs; [cos y + p (b — 1) cos (6— 1) (y%—&) | (M@—n) = 
= — usf" (4) (q — 2). 
[Ip pasioxKeHuv B PAM OCTaBJeHb! TOKO TaBHble WIeHbI: B (12) 
HyJeBOH wieH, a B (13)—TombKO Teppbli, Tak Kak HyJeBoi paBeH 
Muterpupysa 9TY CucTemy ypaBHeHHu, HaxoqMM ' 
q—n, arth Ur (ng) 


Uo le 


r) 
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Takum oOpa30m, oBpejleHue n pH %—%, a CJleJOBaTesbHO, HM Topejle- 
me d, HOPMaJIbHOrO ycKOpeHua, Meperpy3Ku oMmpeyensetca 3HaKOM 

F (mi) + F (ma) = 2 cosy + p (b — 2) cos (b — 1) (m% — &), (15) 

60 3HaMeHaTeb NOKa3atesiA cremenu B (14) Bcerga nonoxuTeneH. Brruncaasn 


alee Cyleqyloulve IpowsBOyHble OT ¥y, HaxXoquM oOmMH BUA uMCTMTeIA 
nokasgatese cTeneHHu 


(n) =f (m) + (2 — 1) F (q) = ncosy + p(b—n) cos (b—1)(n—8,). (16) 


SHak 9T0H dyHKuMM onpeyenaer: 
lipH lepexpate: npH n= 1 yctotunsoctp 


Wit Pa 
(slo oh nals 


AS 
OSI, 


20 160 200 20° 


6, —— 


— n= == 


? =4,2=> 


ic. 2. [panulla ycToHuMBocTu B ciyuae Puc. 3. [panuua ycroiiumpoctu B cmyuae 
3 


(Opel; IIpH m= 2 MoBefeHHe HOPMAaJbHOrO ycKOpeHUA, yrwoBoli cKOpocTH 
MMH BUSHpOBaHHA, Meperpy3Ku; pH n—=3 noBeyenHe yruoBol cKopocTn 
ObEKTA; pH m= 4 MOBesenHHe yruia NOBoOpoTa pysa; UpH n= 5 moBexenue 
FMOBOM CKOPOCTH pyA; MpH m=6 usMeHeHHe yrsoBoro ycKopenus pyas. 

TlonoxuTebHbIM 3HaK 8 (y,) Ip aH- 
{0M 71 OSHAUaeT, YTO COOTBETCTBYIONLaA 


lepeMeHHadA IPH MepexBaTe CTPeMHTCA ao ea 
< HyIIo (lmeperpy3kKa—k efMHUe). | 7 wy NZ 
JTpUllaTeIbHbIM 3HaK O(y,;) Mpegompeye- ag 2 Pe Maes ley Oa 
IeT BOJIMSH West HeorpaHHuenHplit =, by | eae | AK 
OCT COOTBeETCTBYIOMeli MepemeHHo. Ec- GD. A VEO 0-60 00 0 
m 9 (y;) QA aHHoro n NoMOKUTebHO, €g 


foBce *yHkuuH 0 (y,;) NpH MeHbIIMX n 
e3YCIOBHO NOMOKUTeIbHBI. [Ipu b>2n 
byHkuua 9(x,;) BOmM3sH eM NOOKU- 
[elbHa pu JOOLIX 3HAYCHHAX P, &, Vie 


Puc. 4. [payuua ycrounpoctu pB cryyae 

= 4, n=5. Kaxjaa peTBb KkpHBoM 

ONpeseAeT PpaHMy yCTOHYMBOCTH NO yrvJo0- 
BOH CKOpOCTH py AA JanHoro %, 


Takum o6pasom,upu b > 12 nepexBat ; 
BOSMO2KEH IPH JOOOM COOTHOMeHUM CKOpOcTell Y, IPH MOObIX HavaJIbHBIX YCJO- 
BMAX HC JOOOro HanpaBuenua. Ecaub < 2n, TO, UpupaBuuBas (16) Hysto um uc- 
HOS A (11), uckmouaem y HM HaXOAMM rpaHully yCTOMYHMBOCTH ANA cooTBeT- 
eTBYIONHX IepeMCHHbIX (B 3aBHCMMOCTH OT BbIOpaHHoro 72). Ha puc. 2, 3 u4 
pe ic TaBseHbI Taxue KpuBple. Ecnn b<n, TO KpHBad orpanuuaBaeT BeuH- 
iMHy p cBepxy (puc. 4). Ecnu 2n >b>n, KpuBasd orpaHHunBaeT 3HayeHHe p 
fHusy (puc. 3), Ecnu b=7n (puc. 2), To us (16) BugHo, uTo 8 (xy) nNonOxXH- 
JbHa TOJIbKO IPH Mosxxofe c 3afHel nosycdepsl. 
Vicceqopanuve peambHoro ABMXxKeHHA HU BbIOOp KOSPPHUMeEHTOB YCHJIeHHA 
B CHCTeMe aBTOMATHYeCKOrO yiipaBJleHHA TBH KCHUCM MOryT ObITb MpOH3BeAeHb! 
aHaIOrH4HoO (7, *). 


JlenuurpaycKoe BBICIIee MH2KeCHEPHOe MOPCKOe YUHJIMILE Tocrynuso 
‘ uM. aymMupaia Makaposa {7 VII 1959 
LMTHMPOBAHHAS? JIATEPATYPA 
1A.C. Kenp3oun, O.B. Tpuroppesa, JAH, 121, Ne 3 (1958). DIN, MAC IeCy 


G idance, N. Y. 1955. 3 W.R. Ashby, An Introduction to Cybernetics, London, 1956. 
, ? 2 oI 


"O. B. rpuroppbesa, A. C. Keab3on, Yu. san. Jlenwurpagck. BbICII. MHXK.- 
MopcK. yunuuuja um. ago. Maxaposa, Ne 12 (1958). 
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Jlokxagp Akagemuu nwayx CCCP 
1960. Tom 130, Ns 6 


MEX AHH. 


BJIAQHCJIAB APOMUHEK 


OB IKBUBAJIEHTHOCTH KPHTEPHH YCTOHUHMBOCTH 
mo PAYCY — rYPBHUY HW TO MAPKOBY 


(IIpedcmaeaeno axademuxom B. C. Kyaedakuneim 5 VITI 1959) 


B uactosmel pa6ore, ucxona u3 pador II. JI. Uebtimesa u A. A. M 
KOBa IO HelIpepbIBHbIM Wpodam (7, ?) H UX B3aMMOCBA3H c MpoOsemon Payca 
Typpuma, qoKa3anHHoi ©. P. Taurmaxepom (°), cTaBuJiacb 3afa4a OTBICK, 
HeMOcpe ACTBEHHYIO CBA3b MEK Ay onpesemuteramu Cyppuna u onpelemutess 
Mapxopa. B pe3yabtrare 9TO I1pHBesO K (OpMyAMPOBKe KpHTepHA ycTou 
BOCTH, 9KBUBaJIeEHTHOrO KpuTepuio Payca —Typsula, Ha3blIBaeMoro KpHTept 
Mapkopa, a Tak2Ke K pelleHHio OOpaTHOM 3afauH YyCTOHYMBOCTH JIMHeHH 
cuctem. IIpu 9ToM nocwiequAA TpakTOBaslacb KaK HOOo0p 3HaveHHli Koad 
I[M€HTOB XapakTepHcTHYecKOrO YypaBHeHHA, YOBJIETBOPAIONMINX  YycCJIOBY 
TpeOyemoro 3alaca YCTOMYMBOCTH MO OlpejleJuTeAM. 

§ 1. C menbio BBIABIeHHA CBA3H Mex Ly onpezetuTenamu Typsune 


ompegemutenamu MapKkopa paccmotpum matpunst S” = {s,}7, AY = {a 
u Hy= thi}, THe, B uacrHoctu, H,—matTpuua Typpuna, coctapjennad 
KOSPPHUHEHTOB A; = hjg XaPaKTepHCTHYeCKOorO MHOorowleHa* f (Z). 

Vcxoyza uz S, sanumem: 


ul 0 0 

0) So 4 0) ns 
OSS OE Sp hee sos 
sy © O. @i8onspcuaee) 
0 0 0 


L t (1) (DARE Aid nt 
Get (Sigg, aS ee, le 


— Sg 77 (Si Cal tea 


as 


# 42e 
MoxHo JoKa3aTb Wid JOOoro n, 4TO TiaBHble MuHOpbl S, = Sa ( s 


12). 
(s=1,2,...,n), nopoxgaempe marpunelt S”, mpegcrapnator cobol | 
rpynmbl ompezenutenet Mapxosa (?): 
So Si Sg 
* So $1 * 
Se sede Ser So Sa 5 oe = S1 Sg Sg ; Aor 
1 S2 
S2 Sg Sq 
S; Sg S83 
* * S1 Sg * 
Sarees; t Sas * Se Sg Sg Sq Sa 5 
Sg Sg 
S3 Sa S5 


Huxuaa TpeyrombHaa mMatpuua A™ coctapasetca u3 omHux TOW] 
HeveTHBIX KOSPPUUMEHTOB XapakTepucTHYecKorO ypaBHeHHaA, IpHyeM ] 


ay - . is Geile 


det {at = AM (0-17) = a a4 =. vee 
LZ — = e 
: 1S ret eg! cater ey 

i 


Tloc.1eqHuM 3JIeMeHTOM Qjq B (3), OTAMYHBIM OT HYMA, OyWeT Aggiy, © 


* PaccMaTpHBaloTCaA BeMeCTBEHHBIE MHOFOWICHbI C MOCTOAHHBIMH KOSpMULHeHTaMH. | 
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f= 2k +1, H doe, ec n= 2k. Yuutsipaa, to 
Gin Ao 0 fod oe 


12 ") Peak Se oo 


An = det {ha)t =H (1) | (4) 


a5 Ay ag 


We fig =a,-0, ecnd ONSKn, wu hy =a;=0, ecan s<0 unm son, 


anvIlleM 
Be do sty alyelize (1) n 

bn = ome A it ar S ee a) (5) 

Eas COOTBETCTBYIONIMX YCJIOBHH Ha 3HaYCHHA 9eMEHTOB MaTpu- 

ar S moxHO TloTpe6oBdTb, TOOL! Aa mo6oro n> 1 BHINONHANICh TOxK- 


leCTBEHHO TIO HHJeKCY S CuleWyrollwe eTepMHHAaHTHbIe PaBeHCTBA: 
ss Ws as ww, (1) WAS AS (1) 2) 
eH ( jaa Ghee S tee ) in s= 1, 2BR ees (6) 


Ss 


PapeuctBa (6) c yyeTOM CBOHCTB MaTpHI Aes wy IIpHBOMAT K Cue fyto- 
Nell 3aBHCHMOCTH Mexy onpenesutenama Typpuna A, u Mapxosa S;: 


Ave aS. CE re ea (7) 


Ipu 9TOM TlopafoK onmpeyenuTesen S; SHAYHTeJIbHO HHKe Topayka Ag. 
K pacuety onpemgesutene Mapkopa Oovlee BbICOKOrO TOpsAKa MOKHO IIpH- 
[eHUTh YAOOHbIM «MeTO KpaKOBAHOB» (’, §).) 

YcuoBunx, HeOOxOAuMble HW OCTATOUHbIe AIA OMHOSHAYHOTO oMpejeneHua 
eX BJICMCHTOB Sg MaTPHUbl Sx uepes KOS(DHUHeEHTLI! XapakTepHcTHYecKOrO 
fHOrOUNeHa, MOMyualoTCA B pe3yJibTaTe MepeMHOXKEeHHA Ope WesMTe Nel MpaBoki 
lacTH paBeHcTBa (5) m0 dbopmyvle 


= 2) aSag- (8) 
(Cle | 


HM COCTABJIAIOT 1 JIMHeHHbIX ypaBHeHHH, KoTOpble OyJeM Ha3bIBaTb He3aBH- 
UMbIMH YCJIOBHAMH COOTBETCTBUA (MexKLY KOSPDPMUMeEHTaMH XapakTepHcTHye- 
KOrO MHOrouseHa HW Napametpamu Mapxopa sg). Mx nenecooOpa3Ho pa3yeuuTb 
ia wpe rpynmpt. Ileppaa u3 HHMX COOTBeETCTBYeT 3HaUallIMM 9JleMeHTaM 
fatpuunt 7,, a BTOpad — HYJeBbIM 9JIeMeHTaM STON MaTpHIIbl. 


: f Qo = A4S_1, 
| iy = pS 4.10185; 


x ek+ | | Ag = AsS_1 + Az3Sy — QS), y (9) 
| 
. ( Qop = Aok+1S—1 + Azk—180 — Gok—s51 +...-+ (—1)*-1aySp_4 
x k= E(n/2) W doe4, =0, ecam n = 2k; 
n—k—} 

St 1) 97 a, Bis 0 (pr eels aa i2 (10) 
j ao 
YpapHenua (9), uncno KoToppix a=k-+1, mpekcTaBasior nepBylo, 

“ypapnenus (10), “HCO KOTOpbIX nN—a, —BTOpylo rpyniny He3aBHCHMbIx 
enopuit COOTBeETCTBHA. COBMeCTHYIO 3alWcb BbIpaxenul (9) w (10).. mponan- 
Be pepyes Ha lpumMepe n= 2k +1=5: 
1 lp == Sie 
: a=k + | (a2 = 438-1 1+ USy, 
ie —— A5S—1 ries A3So are Q484;5 

0 = AsSy — 438, + S82, 
pre ts = — A581 + A3S_ — a3. 
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Ha ocHoBaHMH TOJyYeHHBIX pe3yJIbTaTOB, B YaCTHOCTH 3aBHCHMOCTEH ( 
H IIpMBeeHHBIX HHKe COOTHOMIeHHH (15)*, ccbopMysHpyeM KPpHTepHH CT 
UMBOCTH, 9KBUBaJIeHTHBIe KpuTepuam Payca —Iypsuna u JIbenapa — Unna 
(2, ¢, 6), Havana ux Opium sanoxKenpt A. A, Mapxkospim B ero padote «O dby# 
MAX, TOMYYaeMbIX IPH OOpallleHuN PALOB B HEMpepbIBHble Apoou» (1), omy6u 
KOBaHHOli B 1894 r., mosTOMy Ha30BeM HX KpuTepHamu Mapxosa ** u JIbenapa 
IImnapa — Mapxosa. IIpH stom OyeM HCXOMHTb M3 yyeTa yCTAHOBJICHHE 
A. Crononoli HeOOXOJMMbIX YCJIOBHH yCTOHYMBOCTH JIMHeCHHbIX CHCTeM, 3aKJOUAal 
IMXCH B MOCTOAHCTBe 3HaKOB BCexX KOSPuLMeHTOB MHOroyeHa f (Z). 

Kputepul yctrotunspoctH Mapkosa. Jaa moeo umobot ece Kopt 
XAPAKMEPUCMUUECKOZO BELUECINGEHHO2O MHOCO4LACHA f @) Soe + a2 ae 
UMeAL OMputjamenbHole eewjecmeeHHole wacmu, NeoOxoOdUMO u OoCmamoUuH 
umo6bol @ce e2o Koagpuuuenmol Oblau OOHO2O 3HaKA U 6ece COoOMmEBemcméeytoly 
um onpedeaumenu Mapxoea *** Obtau noaoscumeroHol. 

KputTepun yYCTOHYNBOCTH Jipenapa—IWunapa— May} 
KoBa. J[2a mozo umoOvt ece KOpHU XapakmepucmuU4ecKOed BeUlfeCn6eHHO 
mMHoeounena f(z) = az? + az" 1+-...4 dn UmeAu OMmpuuamerbHole 6elL 
cmeéeHHole 4acmu, HEeoOxOOUMO U OocmamouHO, “umMoOeL ece e20 KoIquyuenn 
6olAu OOHOZO 3HaKAa u umoObl COOMBemcmeBytolue UM MOALKO 4eMHOle U. 
MONbKO HeuemHole onpedeaumenu Mapkoea Oolau noaowumearbHol. 

CneqcTBveM M3 TlocmeqHero ABJIAeTCH JIEMMa: 


JIemma. Jlemepmunanmnole Hepaeercmea S,;>0 uau S;> 


(Stale far fh)" s20e Somat coomeemcmeyrom xapakmepucmu4ecKol 
SeLUEC6EHHOMY MHO2OUNeHY, yYOoeremeoparoluemy Yycaosusm Cmodoaot, 
ACASIOMCA HE3ACLCUMbIMU, MAK KQaK U3 NOAOMCUMeABHOCMU “eMHIX ONpec 
Aumeneti Mapkoea 6bimekaem noaoostumearonocmb HewemHolx, u Haodoporm. 


§ 2. Onpenenutenu S; BbipaxkaioTca sMHeliHo uepes cTapuime mapamenty 
Mapkosa ****, CnejopaTeJIbHO, HCXOJA H3 3aaHHbIX 3HayeHHH ompeesutTed 
Typpuna A, 4 3aBucumoctel (7), MOXXKHO HaliTH 3HaveHHA BCeX MapaMeTpos 
OTO NOSBOMAeT OLHOZHAYHO ONpeMeIUTh 3HAYeHHA BCeX KOIPPHIUMEHTOB Xapak7 
picTuyeckoro ypaBHeHua. IIpu sToM HeoOxOAMMO pacCCMaTPHBaTb OTJIeJIb 
clyuau HeueTHOH M YeTHOH cTeleHH Nn. | 

Cnyyah n=2k+ 1. Heuetupie Koapbunvente xapakTepucTuyecKc 
ypaBHeHHA onpesedaioTtca m0 opmyse 


Ait, Cee ee Pe . 
Agi44= (— 1) Ha, (a) : i=1,2,...,k=E(>);q=1+h—i, ( 


* Sapucumoctn (7), a Takxe 3aBucumoctH (15), B OTMMuMe OT M3BeCTHOM B ANTepaT 
(° — *) sapucumoctu R, = aj? | Spice '=Vep> OMpetermor npsamyio uM camyio oO 
CBA3b MexKy onpexenutenamu T'yppuna u MapxkosBa, cipapeqmupyto Kak JIA YeTHDIX, | 
WM HeueTHBIX CTeMeHeH XapaKTepHcTHYeCKOrO ypaBHeHHA. 
** ChopMyMpoBanHblli KpuTepu noyuen u3 Teopem A. A. Mapxosa 06 onpezesmute. 
H KopHax ((1), crp. 96). Ou mpegzcraBaset o6o6mleHHe tTeopempi 17 ©. P. Tantmax 
u3 ((%), crp. 468) Ha Bce Kak ueTHBIe, Tak H HeveTHBIe cTeneHH Xap akTepucTHyeck 
ypaBHeHHA Mp OHOM 3akoHe OOpa3s0BaHHA MapametpoB Mapkosa. 
RK B 


cayyae HCXOHOH 3aBucumocTH (7) 9sTO OyzkyT onpesenutenn Se a B Cay 
—*+* * —* 
saBacumoctn (10) —onpegenutenu S,. Onpexenutean S, 4 S, cytlecrBeHHo ormHuaK 
Apyr oT Apyra cnoco6om o6pasoBaHHA ux semMeHTOB (MapameTpos Mapxosa). 
CuefyeT 3aMeTHTb, 4TO B CAyuae onpefenuteneli co MOXKHO BOOoILe He YUHTBIE 


yeosui Crofoub, aB cayuae S, nomoxKUTb BMecTO 3THX ycAOBUL TOMDKO SIGN Apa, >' 


Oguako B dopMymupoBKy KpuTepHa BKsONeHH! ycnoBua Crogomp 'B cBA38H Cc TeM, 
HEBHIMOJIHEHHE HX ABJIACTCA N€pBbIM MPH3HaKOM HeyCTOHUYMBOCTH. 


* i ‘ : 
** Crapumk napametp MapKkopa — 3emeHT Sg onpenenutena S. c Han6oubuiuM 3H4 
HHeM HHJeKca 8B. 1 
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rye 
: Ty = Si Sp Sopp Siahk: S224 Sp H 
(0) $1 Sg Sp 0 St So .2.8 S 
Seo=| ae CA ime Matin ea (ees {519} 
SpeeS phn! Sop Sp_1 Sp+> Sop 9 Sop 4 


MO yafel 2's Mees cs k one 
a Cy eink —onpefemuteb k-ro nopayka, KoOTOpbiit ouyuaetca 3 


paciupenHot matpuun C nytem tpancnosuumn ee g-ro ctonOua Ha nocuen- 
Hui, T. e. (k +- 1)-H. Tlocne toro Kak HalijeHbI 3HaveHHA BCeX HeYETHDIX KOI(p- 
QHUMEHTOB Q2;4,, J€PKO TpH NOMOMIH NepBok rpynnpt «a =k-+ 1 He3saBHcHMbIx 
YCIOBHH COOTBETCTBHA OLipeeUTb BCe YeTHbIe KOIPPHUMEHTHI Qo,. 
Cayyuat n=2k. Heuernpie Koaduunentbl Haxo,aTca m0 dopmyuie 
cl Cie aaah 
Ge NAG Riad 


Qoi44 = (— 1)Ha, i=1,2,...,.R—1l; q=k—i,, (19) 


Tye 
Sy Se Spy S41 Sg Sp_4) Sy 
Sg Aya 0 one) Sg Sg....S Ss 
So PEE Oe a) ee (14) 
Sk—1 Sk +++ Sok—s | Sr—1 Sk +++ Sek—g Sok—e 
Oy {AA ssaeos ,k—1 © 
nC; wy ep pe) —ompenemutemb (k—1)-ro nopsfKa, KOTOpbIH Noy- 


yaerca M3 pacwMpeHHOH matTpuub C” samenoili ee g-ro crom6ua Ha nocuesuui, 

T. e. k-H. Uetupie Koad (bulMeHTb! OnpeeAIOTCA, aHasIOrHyHO NpeAbiAyuemMy 

ciyyaio, Mp MNOMOMM Nepeok rpynbl He3aBHCHMBIX YCJIOBHH COOTBETCTBHA. 
MoxHO JlOKa3aTb TaKKe CNPaBeANHBOCTb 3aBHCHMOCTH 


Ne aide Sen (Si aR Ne es LO (15) 
KOTOpaH NOMyUaeTCA B pe3syJIbTaTe pelleHHA JeTeEPMHHAHTHOrO PaBeHCTBa 
a) WP ION oily fleece B20 sdb shes, ? 
Ans = HG, TSA ees hae (16) 
rye 
n ~ 
: ES 3°40 OSaa ae 
A” — a2 ao ; § (0) ae — 0 ‘So 4 eee ; 
HP te te SPiN ce, Ord ann 
SP Oe MEE A ae a. Pema 8 RPM sticcte ioetomne 
= Sp° =S,; = = — So Sg |° 
| Si = So; Se Sis S3 TW 3y Se ? 4 Be 33 ’ S5 oF ak ia ’ 
S2 Sg S4 


Asrop BbIpaxkaeT rulyOokylo Mpv3HaTebHOCTbh wi.-Kopp. AH CCCP 
pod. B. H. Ilerposy 3a pa weHHpIxX COBeTOB NpHHalvcaHuW JaHHOH CTaTbH. 
: Tloctynuso 
15 VII 1959 
HWMTHPOBAHHAS JIUNTEPATYPA ' 
1A. A.Mapxkos, Ms6p. Tp. no TeopuH HenpeppIBHBIX ApoOeli u TeopHu dyHKLMH, 
aMMeHee yKJOHAIOMIUXCA OT HysA, 1948, cTp. 78. ?TI. JI. De6unmes, Tom. coop. 
4., 3, Matematuuecknit anamus, M3n. AH CCCP, 1948, crp. 307. 37D) Pie leva Meaexe eis 
eopua Matpuu, 1954, crp. 419. 4M. Kpeuu, M. Hatimap k, Merog cummetpnuecknx 
SPMHTOBLIX (OpM B TeOpHN oTAeneHNA kopHeli anreOpanyecKuX ypaBHeHHH, 1936. 
A. Hurwitz, Math. Ann., 46, 273 (1895). ®Liénard, Chipart, J. de Math. 
ure et appl. (6), 10, 291 (1914). *T. Banachiewicz, Biul. Polsk. Akad. Umiejet- 
sci, Ser. A, 109 (1937). ® W. Sierpinski, Zasady Algebry Wyzszej, Monografie 
atematyczne, 11, Warszawa, — Wroclaw 1951. 


B npakTuueckux mpHsoxKeHuAx cooTHOWeHHA (7) Gonee ynoOuEI em (15). 
j 
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Jloxxaynn AkagwemMun Hayk CCCP 
1960. Tom 130, N 6 


PHJPOMEX AHHK? 


A. A. 3AHWEB 


K BOMPOCY OB YCTOMYMBOCTH BA3KOM TJIEHKH 
HA TBEPJIOM TEJIE B MOTOKE FA3A 


(ITpedcmaszeno axademuxom H. H. ApmoG6oaeccxutt 5 XI 1959) 


§ |. ToctaHospka 3afaun. Ha naocxocrn y=0 (puc. 1) Teuve 
cnoh OK y<h BABZKOH TAKeMOH MRKUAKOCTH C JIMHeHHbIM paciipewemeHHen 
cKOpocTH 


U=—y, V=0. (1 


B .onympocrpanctBe y >A TeveT BASKHH TAXKeJIbI Tas CO CKOPOCTbIO 


y u(y) U,=U,(y), Vi=0. (2 


Bce lapaMeTpbl vcculeqyemoro TeYeHHA He 3é 
BHUCAT OT KOOpAuHaTH x. Bynem cHaOxKaTb Me 
paMeTpbl, OTHOCALIMeca K Ta3y, HHeKcom | 
OcTaBIin O€3 HHeKCa MapaMeTpbl, OTHOCAIILHE 
CAH K cjloI0 *KuAKOcTH. JlaBeHHve B KUAKOCT 
HW rage paciipeeisetca CulefyIouluM oOpas3on 


gy 
te 
; P=P,.—pg (y—A), Pi=P.—\n (y) gdy, | 
Pues 4 0 


re pW p,— MNOTHOCTH %KHAKOCTH UM rasa; g— ycKopeHue TaxecTu. Ha ne 
BEPXHOCTH pa3yenma y =f BHITIOMHAIOTCA yCJIOBUA 


dU U, 
U,(h) =U), ag (“ 


rye w WM Uy — COOTBeTCTBYIOUMe KOSPPHIUMeHTHI BASKOCTH. 
Ha ocHOBHOe TeYeHHE HaslOxKUM MaJible BOSMYULCHHA 
o , , , , 
esr, m=O, 0+, 1=0, P=P+p, p= Pit oe 


1? 


_IpM 3TOM TpexKHAA MOBepXHOcTh pa3fela y= h upumer cdopmy 


y=h+h'(x, 2). ( 
Ha nosepxuoctu pa3yela noTpeOyeM BBINOMHeHHA COOTHOMIeHUI 
sie aR lig Ole ah’ ah’ 
“=tu,, U Seles Uv ar Ona Pz = Px; p — Pa =K—2, ( 


rae p:—KacaTeJbHble. a Pz—HOPMaJIbHbIe HallpAxKeHHA Ha MOBePXHOC’ 
pazyena; K — koodulveHt NoBepxHOcTHOrTO HaTAKeHUA. 
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} 
Bao Oespasmepuble Mapamerpst un byHKUMIO ToKa b 
= t/t, o=pi/p,, T = Kph/p, 


G = p%gh8ju2, Re = Usho/y, N = ups/vip = 9/¢ ) 
u' = Ob/dy, v' = —d¢/dx, (9) 

aCCMOTPHM YaCTHBI Bu BO3MyIeHHIi 
— dela(x—er) | b = of (y) efa(x—et) u. —s oul, (y) efa(x—et) (10) 


Oia éU, (y) efa(x—et) p’ ee Sp (y) eia(x—et) p, = dp (y) efa(x—et) | 
me X HW y OTHeCeHBI K A; tf K A/U,; uu v’ K Uy; p K BU,/h. 
Hcnombsyx imHeapusuposanuble ypapHenua Happe — Croxca u Bce mpespl- 
yilve NpeANoOKeHMA, MpHBeeM rpannynble ycnopua (7) K Buy 
Pf) =u (1), —iaf (1) = 0; (1), (11) 
Fl) =c—1, (12) 


f’ (1) + a? (¢c— 1) =e[u) (1) + @ (¢ — 1)], 
f" (1) — 8af’ (1) + ia Re (c — 1) [f’ (1) + 1— N] + © [20?f’ (1) — 
— ut (1) + iav’ (1)] — iaRe (e— 1) f' (1) = ia [G(1— 0) +2 T] Ee. (13) 


Ecumm Tellepb yCTpeMHTb € Ho K HYJIO Tak, uTOObI npegen lim (c/e)— WM 
<0, 6-0 


CTaBaJICA HEKOTOPOH KOHeCUHOH BesMUMHON, TO rpanuyHble ycnoBua (13) He 
YAyT COJep2xXaTb NapaMeTpoB, XapaKTepH3YIONMX ABMKeHUe rasa: 


hi Mee ed (C2); 
f” (1) — 3a2f’ (1) + ia Re(c— 1) [f’ (1) + 1 —N] = ia (G +07) =. (14) 


TlocmenHve BbIPaxKeHHA MOXKHO PaCCMaTPMBaTb KaK pe3YJIbTAaT pa3oxKe- 
UA BeJIMUMH, BXOLAWIMX B yculoBHaA (13), NO cTeneHAM MaJIbIX NapaMeTpoB 
Mo IIpW yuyeTe TOJIbKO MepBbIX WICHOB pa3JiOx%KeHHA. 

Ha TBepoH cTeHke IIpHMeM ycJlOBve IpHJIMNaHHA 2%KUAKOCTH 


1 (0) = J, (0) 0. (15) 
TakuM o6pa30m, 3aya4ya 06 yCTOHYMBOCTH TOHKOH 2XMKOM MJIeHKM Ha 
ale B Ta3OBOM HOTOKe Ip AOCTaTOUHO MaJIbIX © HM o CBOJMTCA K UCCHeLO- 
aHHIO YaCTHOrO BUa ypaBHeHun Oppa — Sommepdevipya (*) 
PTY (y) — 20? f” (y) + aAf (y) — ia Re(y—c) [i (y) —@? Fy] = 9 (16) 
rpanvunbimu ycmopuamu (12), (14), (15). 


§ 2. Xapaktepuctuyeckoe ypaBHenue. Bysem uckaTb peliienne 
papHenusa (16) B Bue pAfa MO cTeneHAM Mapametpa h=aRe 


fo) = Dr fa ly). (17) 


n=0 


Togerapaa (17) B ypapHenue (16) mM mpupaBHuBad KoOapPuuNeHTH MpH 
IMHaKOBbIX cTeleHAX A, MOJyYNM CHCTeMy AMdepeHIMabHbIX YpPaBHeHHk 


fa Celi, en) WO saeo Nein (18) 
Te 
F,=0,% Fr=iVy—Olfpa—efol, 2=1,2,3,... (19) 


3ra cucTeMa Jlerko HHTerpHpyetca B QICMeCHTapPHbIX PYHKIUMAX MOCIELO- 
aTeJIbHO, HayvHaa c n= 0. Uroonl PyHkKunA f(y) yaAoBneTBopata TpaHH4- 
biM ycnosusam (12), (14), (15), aocratouHo MOTpeOoBaTb BbIMOJIHeEHHA CJe- 
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AYIOWMX COOTHOWMeHHA MIA pelieHHA CHCTCMDI ypapuennit (18), (19): 


+ (0) = F.(0)=0, #2 Ot, 2,0. <a fol) Ugo =e ce 
F(T) fa 1) 0, et ene ees (20 

ff (1) — 3a? fy (1) — ia (G + T) ge + Ak (C— 1) (1—N) + 
4 Sif) — 302 fe () +e — 1) fea (1 =O. (21 


O6ujee pelieHne CHCTeMBI AudepeHiMaJbHbIX ypapuenuli (18), (19) 


fa (y) = Dn (y) Shay + Dn (y) chay + Dns (Y) Y shay + Dna (y) ychay + 
+ Cn sh OY + Cra CU OY ae Gas Yy sh aY + CoA y ch ay, (22 


rye 
3 Yy 
4 @ 

Dyy = ~~ 5a5\\ Fun (x) (cham — ary shan) dr, 


0 


y 
Ono 2 = ag3\ Fr (y) (Shay — ay ch ay) dy, (23 
v) 
y y 
4 La 
Ong = —yqa\ Fam) shady, Ons = zy5\ Fa (x) charqay: 
0 0 


Cne —NOCTOAHHbIe UHTerpHpoBaHHa; Fp (y 
oupefesmaetca opmysiamu (19). 
Ucnombp3ya rpanuunble ycuoBua (20), Hai 
eM NOCTOAHHbIC HHTerpHpoBaHHAa Cpe, N= 
= 0) 1,2, 0.2 Rk SS eo, oe enero eae 
IlOJIyYCHHOe TaKHM OOpa3so0M pellleHve, He CC 
Tep2xKailee MOCTOAHHLIX HHTerpMYpoBaHHs, 
cooTHouleHHe (21), HaliqeM XapakTepucTH 
yeckoe ypaBHeHve. IIpeneOperaa B 9TO! 
ypaBHeHuv uleHaMH, COJepxKalluMu CTeneH 
h BbIWe BTOpOH, TOyaHM MpHOmMxKeHHO 
XapakTepHcTuyeckoe ypaBHeHHe 


(C= 1) [Qo 7  (Qee 6? ++ Qore +4:Qey)liae 
Pip C fie +0, ee 


=. (G+ wT) | =e (24 


Puc. 2 re Q;p ABAIOTCA BeJIMYHHAaMH AeHicTBUTENE 
HbIMH, 3aBHCALWIMMH TOJIbKO OT &. 
§ 3. Helitpanbuble KpuBble, KpuTHYeCKOe UNCAO Pei 
HOWbACa. Cuutaa Cc felicTBUTebHbIM, OTZCIMM B ypaBHeHHu (24) jelicTBY 
TeJIbHyIO H MHMMYIO YaCTH, TOra NOJly4YHM CHcCTeMy ypaBHeHHi . 


(C — 1) [Qoy + & Re® (Qosc? + Qoic + Qoo)] = 9, (2: 
(C— 1) (Quire +- Qip + 1 ~ N) Re® —(@ oA) = 0. (2¢ 


Ecum G=T=0, To (25) u (26) ynopnerBopsiotca mpu c=1 gana aK 
Opix Re HW %, HO B 9TOM CyYae MHHMaa YaCTb C TOXKMeCTBEHHO paBHa HYJIK 
Tora Kak NOTepA YCTOHYHBOCTH IIpOHCXOAMT pW HM3MeHeHHM 3HaKa MHUMC 
uactu c. TlosToMy MbI HCKJIOUMM 9TOT CAyYal M3 paccMoTpeHuaA. 
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Ecam c 321, To u3 ypapHenua (25) naitzem 
eas, fo Qoo 

ie V @? (Qo c* + Qore + Qoo) ° oe, 
llogcrapaaa (27) B (26), nonyuMM KBaypaTHoe ypaBHeHHe OTHOCHTeIbHO C 

C* LQoo Qur + &” Qa (G + &°T)] + € [Qo (Qto + 1 —N — Quy) + 
+ a?Qor (G+ &°T)] — Qoo (Qiy + 1 — N) — 0?Qo, (G+ a2T)=0. (28) 
KopHu 9T0ro ypaBHeHua Cc, H Cy. Tlogctapnan c, u C2 B (27), Haliqem co- 
OTBeTCTBEHHO Ke; uw Rez. Kpuspie 3apucumMoctu Re oT & NpHHATO Ha3bIBaTb 


500 1000 1500 


7 ——> 


Puce. 3 


HelTpasbubiMu. B cnyuae G>O0 HelitpanbHble KpMBbIe HMeCIOT BU, yKa3aH- 
Hb Ha puc. 2 (N=0, T = 500). Munumanpuoe snayenne min Re (a) = Rexp 
HasbIBaeTCA KPHTHYeCKHM uncsIOM PetHoubyca. B cayuae G <0 mpi He 6yyzem 
uMeTb Rexp 6e3 KakOro-H60 JONOJIHMTeNbHOTO YCJIOBHA, Tak KaK B 93TOM 
cmyuae K HeHTpaJibHbIM KPHBbIM TpexkHero Ba oOaBlaeTcaA MpAMad 


a—\)V—G/T, npuuem o6nacTb HeycTolunBocTu 6yyeT JexKaTb HH2KE 9STOM 
ipamoH. B jambHevumx pacueTaxX MbI NovJoKHnIM G = 0. ITO onpaBAbiBaetca 
TeM, uTO G BXOAUT BO BCe (POPMYJIbI TOKO B Buse KOMOnHalMH G + a?T; 
TaKuM OOpa30M, culyuai G > 0 MoxKHO TouyyuTb u3 cayyat G=O coorsert- 
CTBYIOUMMM yBesHueHueM 7’. 

Ha puc. 3 mpuBezenbl pesysbTaTb! pacueta Rexp B 3aBMCHMOCTH OT Ma- 
pametpop T u N (a—Rexp, 6 — Reoxp, 6— Rexp). 

- Uncno Peltwompaca MOXKHO s8alucaTb B Bune Re=ph?t/u*, rye 
t= uU,/h — xKacatebHoe HallpsxKeHMe Ha NoBepxHocTu cox. Benwunny + 
MOXHO paCCUHTaTb, HOJIb3yAcb TeopveH MorpaHwyHoro cJlOA B ra3se, HH 
HaliTH H3 9KCMepHMeHTa, MW Tora, 3Had KpHTMYecKoe uucO PelHoupsca, 
CMO2%KeM ONpeeNIUTh TOMMMHY YCTOM4MBOrO COA MKUAKOCTH Ha Tee. 


PacueTbl Npou3BeyeHbl Ha JJIEKTPOHHOM BbIYMCMTebHOM MaliMHe «Crpesa». 


Tloctynuso 
31 X 1959 
IMTHPOBAHHAA JIMNTEPATYPA 


1Jinup U3a-3580, Teopua rugqpoqunamuyeckoh yctotunsoctu, WJI, 1958. 
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Jlokrnann AnkayemMuu Hayk cccP 
1960. Tom 130, Ni 6 


TEOPHA YIIPYIOCTI 


A. 0. HBJIEB 


OB YPABHEHHSX JIMHEAPH3HPOBAHHbIX f1POCTPAHCTBEHHBIX 
3AQAU TEOPHH HAEAJIbBHOM MJIACTHUHOCTH 


(IIpedcmasneno axademuxom IO. H. Pabomxosom 2 VII 1959) 


Tlnockue JlMHeapu3HpOBaHHble 3aauM TeOpH HJleabHOFO *KeCTKO-MMacTy 
yecKOrO Tela paccMaTpHBaucb B padorax (*, *). B o60ux ciy¥aaX HCXOJHB 
COOTHOMMeHHA IIpHBesH K  BOJIHOBOM 
ypaBHeHuio. B- wHacrosilel 3amMeTKe pat 
CMaTPHBAaIOTCH YpaBHeHHA IIpOcTelIMX JIMHeE 
PH3HPOBaHHbIX MpOCTPaHCTBeHHbIX 3a/ay. 

IIpegqctapum ceOe Opyc KBaypaTHoro ceuE 
HUA, OciaGJIeHHbIH MOJIOTHMH BbITOUKaME 
HampaBuM ocb Zz 0 ocH Opyca, OCH xX H y- 
nepMeHukyJApHO ero rpaHsam (pue. 1). Pac 
CMOTPHM IlacTHueckoe TeyeHHe Opyca NO 
JeHCTBHeEM PpaCTATHBaIOWUUX CHI, AeHcTBYK 
IlHX BAOJIb OCH Z. OOO3HaANHM Yepes 2a Be 
JIMUHHY JVJIMH CTOPOH KBaflpaTa, JlexKallero 
OCHOBaHHH Opyca. YpaBHeHHA CTOPOH Opyca 3aJaluM B Bue! 


x=tla—df(2)], y=tla—sf (I, (] 


rye 6— MaJibli NapaMetp, XapaKTepH3YIoOllH rayOuHy BbITOUKH. 
Pemlenne clelyeT HCKaTb B BHse 


Og = OU OC cee 5: Se C0 Oe nl, ee) eon eae (2 
re Ox, . . . — KOMIOHCHTHI HallpAKeHHA; &y, . . . — KOMMOHEHTHI JecbopMaluH 
U,...-—KOMIOHCHTEI CKOPOCTH Tepemelenus. 


CuvtTaad, urO MaTepvan Opyca ufeambHO MacTHYueCKU, 3alMLIeM COOTHC 
WeHHA, OOoOuaioulMe sameHy M. Jlesu, B Buse (3) 
oy =o—*/3k + 2kcos*g,, y= o— */3k + 2kcos* gp, 
6, =o—"V/sk+ 2Rc0S*os, try = 2keos 1 COS Oo, (2 
Tyz = 2R COS 2 COS os, T2x = 2R COS 3 COS $y, 


rae &— npefen texyyecTH Ha cyBur, o = 1/3; (c, + 5, + 9). 


B paccmaTpuBaeMomM cylyyae pelleHue cjlenyeT WcKaTb BOM3H HEBO3MY 
I€HHOrO COCTOAHHA 


oh — Qk 69 — 59 — pO — 70 — 70 —/(): 
z , x y Tey Tie sgh 0; (4 

20/22 20220 eee 0 0 0 0 
ge oy ee Oey og Oe ee (5 


Ne = Ale wT 
OueBuHO, 4TO KH=Pe= ee gg =0. Tloxctannaa pasnoxenua KoMMO 
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if 
HeHT HallpsxKeHH B BbIpaxKeHHa (3), NOMyIHM 


Ceo =o =o tt = 0, (6) 


x y z y xy 


YpaBHeHuA PaBHOBeCHA NPHMyT BULL 


ac OT,» tae 08 Oty, OT,» Ot, ac! 
Ouee tah! oy agen (ee moe eT Sa, A cas ae O. (7) 
Tlonaraa 
ee OU OL) da Sid) 
OZ Eth ayo yz oy? 


u3 (7) Tlomy4uM a 


aU OU 0U 
at Toye — oe = 9. (8) 
PaccmoTpHm Jasiee rpaHHyHble ycioBuA. Tak Kak OoKOBbIe rpaHH CBOGOOLHBI 


OT HalpxA2xeHHH, TO 
ox Sin (Nz) + tx, cos (nz) = 0, 

= — g 

Tz Sin (nz) + o, cos (nz) = 0, mp x = + [% — 6f (z)], (9) 


rye yrom (nz) oOpasopaH HampaBeHHeM HOPMasIM K MTOBepXHOCTH rpaHu u 
ocbio z. AHaJIOrHYHbIe COOTHOLWICHHA MMeIOT MecTO Ha JIBYX JIpyrux rpaHax. 
JIumHeapusupysA rpaHHunpie ycnoBua, nosyuuM 


=0, 42% 0 CRE, 
, 5 pu (10) 
a, = 0, yea ek = 0 Yas 
Bpipaxenua (10) nepenuiem B Buze 
ov = 0, m Te A =a, 
mipu (11) 
au OUt es = 
Oz. = 0, Oy =--+- a Yy = se 


Onpeyenum oOsacTb onpeqenenua pemenua. IIpeqnonoxum, uro f(z) = 
=f(—z), mpuyem f(z)—MoHOTOHHad (yHKI[MA, MpOMsBo,HbIe KOTOpOL 
MocTaTouHo Mavibl. Ha puc. 2 noKa3aHo ceyeHve 


Opyca msocKocTbIo z = 0. OOsacTb onpeeleHHA 
CHMMeTPHUHa OTHOCHTebHO 9TOH mMocKocTH. B é 
py CHMMeTPHM OTHOCHTeJbHO MlocKocTeli x =0 & ain 


u y=O pellenve culeqyeT HCKaTb B OONAaCTAX 
MBrEO, BCKFO, CDLKO, ADLEO,. Ouesus- 


HO, 4TO HE = BSCR ADL, TIpHueM IJIOCKO- 
ctu AEO, BFO, CKO, DLO o6pa3yi0r ¢ OCbIO c ci 
Zyroul, paBubl 7/4, 7 


CyllecTBeHHOW OCOOeCHHOCTbIO pelleHHA AB- D 
JIACTCA HeOOXOJIMMOCTb YMOBJIETBOPCHHA ycJIOBHA 
CONPAKeHUA pelleHul. B caMoM Jlese, Ha M0c- Puc. 2 


Koctax AEO, BFO, CKO, DLO osxKubl BbITOJ- 
HATbCA YCJIOBMA COMpAXKeCHHA HOPMAJIbHBIX 
A KaCaTeJIbHBIX KOMIOHEHT Hallps2xeHuA. HopMasibHble KOMMOHeHTbI HallpsxKe- 


HAA COMpAraioTCH aBTOMaTHUeCKH, a YCJIOBHA COMNPAXeCHHA KacCaTeCJIBHbIXx 
KOMIIOHEHT TIPHBOAAT K HeOOxXOJUMOCTH oOpallleHuA B HYJIb KaACATEJIBHbIX ycuni, 
MeHCTBYIOULMX MO 9THM WolwlaykaM: 


, 


ty —tyz=0 npn xty=0, 
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oTKy Ja # 
oU OU: 9: & 
Wi = mupu x+y ( 


PaccMOTpHM Taviee YpaBHeHHs, onpeyesxtoulve ToJIe CKOpOcTeyv ee 
UleHnaA. Y paBHeHnua, onpe WeJI AFOUL HE TwiacTuHueckoe TeyeHHe, 3anviiem B Buse ( 


COS eo COS $3 
——_\_—S, ~ ———_ € == 
Sx + COS 1 xY COS Oy Ge 
S COS 3 COS, , _ COS 92 - : 
= exon t Sy + ye cosga = cop, + He cosqy | (3 
COS O2 COS Og 3 3 
&y +e, te,=—0. (1 


JIuneapu3supys ycnopua (13), yUTbIBadt BbIpaxKeHus (5), mowyan 
Ce eye 0). VIN 


OU iy Cee oe I! 
‘oz. | Ox 0, 0z - oy ( 
llonaraan 
(aw Nr Naa is sy ee ale 
Wi coe ~~ Ore” aS Ope 
U3 ypaBHeHua HecxuMaemocTH (14) nowyuuM 
OW ow OW 
| ate lf 
ax? | dy? Oz" 0. ( 


PaccmorpuM rpaHuuHpie ycmosua. IIpeqnouoxuM, uTO Opyc pacTaruBaerTe 
C eMHHYHOH cKopocrbio w’ = |. HopmambHaa cocTaBJIAlollad CKOpOcTH 
rpaHulle, pasesmoulel OOacCTH WwlacTHYeCKOrO HM %eCTKOFO COCTOAHMA MaT 
pasa, JOuWKHa PaBHATbCA HYJIO, NOSTOMY 


w ow 4 

Ox Oz bee ees 
aw ow _ 4 "PM y+z=0 
oy Oz 


B COOTBETCTBYIOWHX OO/IacTAX Onpedenenua. Tlocrpoexue noma cKopocre 
MOXeT ObITh MpOBeLeHO, cleyA UeaM paOornt (1), Momarad B COOTBETCTBYIONIE 
oOslacTax BelMunHy W 3aBMcAlllel JMUIb OT JB} 
Il€peMeHHBIX. 

PaccMOTpHM Jlasiee 3afauy O BaBJIMBaHI 
TOHKOFO XOpoOUlO CMa3aHHOrO Jle3BUA B MNAacrT 
yeckoe Oulympoctpanctso (puc. 3). YpaBuHeu! 
Jle3BHA 3alvIUeM B BHe 


z= oF (x, y, 2), (1 


Tle ¢ — BpeMA, BXOJallee Kak MapaMmetp. B 
eM C4UHTaTb (PyHKiuIo F CHMMeTPHYHOH OTH 
CHTeJIbHO OCH y. OueBHHO, TO Halps2KeHH 
HW JeOpMMpOBaHHOe cocTOaHHe culeqyer ucKa 
B Buje (2), (4), (5), MosToMy 3ajjaua CHOBa CBOAUTCA K ONpelemeHMIO pellieH: 
BOJIHOBBIX YpaBHeHul (8), (16). 

IIpv BaBiMBaHHM MiacTu4eckHii MaTepHa BEINyYMTCA, MOBepXHOCTb B 
My¥eHHOrO MaTepHala @ (Z, y) HeHSBecTHa HM MOseKUT onpelereHH 
Ha rpanulle JesBua KacaTeJbuble Hallp s2%KeHHA PaBHbl HY JO, Ha MloBep XHOCTH 
PaBHbI HYJIIO HOPMaJIbHbIe H KacaTe/IbHble HallpaxKeHua. Tak Kak B pawn 
yCOBHA WIA HallpsKeHHH BXOMT ypaBHeHHe HeM3BeCTHOM MOBepXHOCTH | 
TO pellleHne 3aauu B JaHHOM CJly¥ae MpHXOLNTCA HauHHaTb C onpeseseHn 
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Puce. 3 


? 


Kunemarweckoui KapTHHb! ABJIeHHA. I panwuHpie yCOBHA Mia cKOpocreli me- 
‘peMeleHHH HaXxOWATCA us ceylouWjHX ycnoBuH. IIpu BapauBaHuu ToUKa 
M (x, y, 0) nepeligzet B touxy M’ (x+u’', y+’, w’). Touxa M’ nexut na no- 
BePpXHOCTH JIe3BHA, NMOITOMy w’' > F (x, y, t). Uickomoe rpaHnunoe ycoBue 
3anuuetca B Bue 

oY = — BF (x, OY, ty -upune = 0! 

Jlajee culeqyeT yuecTb, 4YTO Ha FpaHHle *KecrKOrO u mvIacTHYeCKOrO cocTos- 
HUH MaTepHalla HOpPMaJIbHad KOMMOHEHTaA CKOpOCTH MepeMelleHuA OKA 
ObITb PaBHa HYVINO. 

TobKO mocile onpesenenna nOBep XHOCTH BHINYYHBWeroca MaTepHasa D 
MOXHO ONpeAeIHTb MOe HanpAKeHHH. 

IlocraBieHHble 3aauH XapaKkTepH3y!OTCA TeM, YTO TpaHHUHBIe yCJIOBHA 
AA BOJIHOBLIX YPaBHeHHH (hOpMyvIMpyloTCA He Ha OMHOH, a Ha HeCKOJIbKUX 
MWJIOCKOCTAX WIM MOBepXHOCTAX. 


Tloctynusio 
27 VI 1959 
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MATEMATHYECKAA PH3HKA 


tO. Ml. KPACOBCKHHA 
K TEOPHH YCTAHOBHBIUMXCA BOJIH HEMAJION AMMJIMTY bi 
(ITpedcmasaexo axademuxom C. JI. Co6oresoim 23 X 1959) 


Bnepspie AOKasaTeJIbCTBO CYUeCTBOBAHHA PeleHHA 3aayH O BOMHAaX ycTa- 
HOBMBIWeroca Bua Oprmo Jano A. HM. Hexpacospim. Pemenue 610 mpecTaB- 
JI@HO B Bue pAa MO MasloMy NapaMeTpy, CXOQMMOCTb KOTOpOorO MoKasaHa C 
TOMOULbIO YCHJIMBaIOWMxX PyHKunH. B fabueltiem 3afaua paccMaTpuBaslacb 
MHOrHMH aBTOpPaMH, IIPH STOM MeTO WOKa3aTeIbCTBa Ob 3HAUHTebHO ympo- 
WleH, HallpHMep, 3a CUeT HCNOIb30BaHHA TeEOPHH TOUeK OudypKallu HeEIMHeHHBIX 
OnepaTOpHEIX ypaBHeHuH (°) WIM 3a CUeT CBeJeHHA K MHTePpasIbHbIM ypaBHe- 
HuaM JlanyHosa — lUmugra (*). OtHako noswyyeHHbIe Ha 3TOM MYTH pesyJbTaThl 
OTHOCHJIMCb, €CTECTBEHHO, JIHUIb K BOJIHAM MaJIOM aMIVIHTYIbI, KOra JBYHxKeHHe 
X%KHIKOCTH JOCTaTOUHO OIM3KO K HeBO3MYLCHHOMY NOTOKy. 

Merobl TEOPHH NMOJORKUTEMbHBIX OlepaTOPOB alOT BO3MOXKHOCTb MOKa3aTb 
cylllecTBOBaHve pelleHua sanaun A. Vi. Hexpacospa 6e3 mpeqnonoxKeHHua O 
efo 6JIM30CTH K TPHBHaJIbHOMY, 3TH %Ke METOJbI OKa3bIBaIOTCA MOJe3HbIMH MIpH 
UcCIeOBaHHH MepwvosMuecKHX TeYeHHH Hall BOJIHHCTbIM HOM. 

Mbt paccMoTpyM Ooulee NOApOOHO 3aauy O BOMHaX B OecKOHe4HO ryOoKoN 
XHKUIKOCTH WH OFpaHHUHMCA MpHBeNeHHeM Pe3yJIbTaTOB WIA Apyrux 3ajay, m0- 
CKOJbKY OHH JlOMycKaloT B OCHOBHOM aHaJlIOrH4uHOe paccMOTpeHHe. 

1. Mrak, nycrb Mbl HMeeM TakOe yCTaHOBHBLUleeca Oe3BUXpeBOe ABMxKeHHE 
KUKOCTH, pH KOTOPOM Ha OeCKOHeYHOH TiyOHHe XXMAKOCTh ABMXKETCA C M0- 
CTOAHHOM CKOPOCTbIO C, HallpaBJIeHHOH MO TOpH3OHTaJIH, a Npopub CBOOOLHOU 
PpaHUlibl ABJIACTCA HeMOBYXKHOH NepHOAMYeCKOH KpMBOH. Sayaya O CHMMeT- 
PHUHEIX BONHAX MpMBOLUT Tora K OTbICKAHHIO MepMOsMYyecKOK yHKUMH 
(8) =-0 c mepuozom 2x, yOBJeTBOPAIOWMeH Vv paBHeHHIc 


0) = & \K (20) e&°® sin @ de. 
0 


Snecb } — JWIHHa BOJIHBI; g — ycKopeHve cuubl TaxKecTH; K (c6) faetca cooT- 
HOLIeCHHeM 


“sin ne sin nd : 
n=1 
C® — byukuua, compsxeHHad O u yOBNeTBOpAIOUlaA yCsOBHIO 
27 
\c® (<) de = 0. 


0 


Henussectuaa dyukuua (0) ecTb yrou, OOpasoBaHHbI KacaTeJIbHOM K 
npoustio BONHEI c ropusoHTambio. Ilyctrh §=0 coorsetcrsyeT Bradune, 
a 0 =x —rpe6mo Bove. Mpt 6yfem Npekmonarath, YTO KaxK ad BOMHAa MMeeT 
M0 OHOMY rpeOHIO HW OHOM BMauHe, T. e. 

a) © (6) >0 npn OOK; 6) D(0) = D(z) = 0. : 

3ro ecTecTBeHHOe MpesmomoxwKeHHve OyfeT urpaTb B [aJIbHeHIMeM OCHOBHY10 
POJib H MO3BONHT HCHOsIb30BaTb TEOPHIO NOMOXUTEMbHbIX OMepaTOpoOB. 
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O6o3HauumM uepes B OaHaxoBo MpOcTpaHCTBO cbyHkunH (6), HempepbiB- 
HbIX Ha oTpeske [0; ™] MH YOBNeTBOPAIOMIMX YCJOBMAM 6), || = max ®. 
OyeBusHO, MHOXKeCcTBO d/leMeHTOB B, KOTOpble YAOBJeTBOPAIOT HepaBeHCTBY a), 
o6pasyiot Kouyc K B B (?). 

Bseyem omepaTtop A cooTHOleHHeM 


A® = \ K (66) e°® sin @ ds 
0 


Mu c(popMyiMpyeM 3aayy OKOHYATEJIBHO B C/eAyIOUleM BHJe: HaHTH PyHKUHHO 
MEK, D0, KoTOpad yAOBMeTBOPAeT ypaBHeHHIO 


@M = vAD 
lp HeKOTOpOM v > 0. , 

JlerkO OKa3aTb, UTO KaxKJOMY PeleHHIO Hallleh 3aayH COOTBETCTBYE1 
TeyeHHe KHAKOCTH, UPHueM MapaMeTpbl, ONpedeAoulMe TevYeHHe, CBA3aHbI 
yCJIOBHeM 

gh 


ae 
2rc? 


B orHollenun onepatopa A clipaBeiMBa CJiefylollad Teopema: 

Onepatop A onpeyeneH B Wape mpoctpauctpa B pafuyca r< 1/6, Hen 
cTByeT B 3TOM IIpocTpaHCTBe HM ABJIAeTCA BIOJIHe HelpepbIBHbIM. 

JloKa3aTeJIbCTBO 9TOH TeOpeMbI cJleqyeT M3 HepaBeHCTBA 


ee? < max 5» rae [AO| <<, (LD 


WM HeKOTOPbIX CBOHCTB Apa K (c6). 

SameTuM Jlasiee, uTO apo K (e6) HeoTpHuaTebHO B KBawpate OMeqT 
O<0< 7. OrctoJa careflyeT, uTO onepatop A, onpeweneHHbI Ha mepeceye: 
Huu K, wlapa paqwyca r mpoctpanctpa B c Kkonycom K ABIAeTCA NOOKM: 
TeJIbHBIM. Jlaslee JIerKO NOKa3aTb, UTO OMepaTop A umMeeT Ha K; MOHOTOHHYK 
MHHOpaHTy H, CuleoBaTembHO, io Teopeme M. A. Kpacnocesbcxoro ((?), cTp. 269) 
MOJIOXKUTeNbHbIe COOCTBeHHbIe (YHKUMM ONepaTopa A oOpasyloT B K uenpe 
PbIBHY!O BeTBb JVIMHOK 7. OObIUHDIMM MeTOJaMH TeEOPHH MOJOKUTEIbHbIX OTe 
paTOpoB NoKa3biBaeTCA, YTO NO3HTHBHBIM cieKTp A WeJHKOM JIexXHT B HeKO 
TOPOM KOHe4HOM HHTepBallea<v<b; a>0, b>0. Snecb a u O He 3aBHca 
or ||, mu noromy, axe ec CYL[eCTBYIOT BOJIHbI C yrJIOM HakJIOHa Kaca 
TeJIbHOK K pour Gonpuum 7/6, cooTBercrByiolue yucna Ppyza mpunay 
JiexKatT (a; 0). 

Orciofla, B YaCTHOCTH, BbITeKaeT, UTO B XKUAKOCTH OecKOHeUHOM ryOHHE 
MIpH OrpaHMyeHHOH CKOPOCTH He MOFyT CYI[€CTBOBaTb CKOJIb YrOJHO JJIMHHBI 
BOJIHbI. OTOT (pakT y2xKe He MMeeT MeCTa AA 2%KUAKOCTH KOHeYHOM raryOuHEl 

TakuM 06pa30M, Mbl WOKa3asIM, YTO CYLeCTBYIOT MepHOqMyecKHe CHMMeT 
PHUHbIe BOJHbI B KNAKOCTH OeCKOHEYHOM YvIyOMHbI, Y KOTOPbIX MaKCHMYI 
yrla HaKJOHa K Mpodusi0 BOHbI NpHHHMaeT JO60e 3Ha¥eHve M3 MHTepBall. 
(Orr 0): 

B cayuae *KHAKOCTH KOHEUHOM TIyOMHbI 3aava CBOMMTCA K oMnpeseeHHt 
HeHYJICBLIX PeWICHHH ypaBHeHus 


ogee ™ \ K, (<0) &? sin @ de, 
0 


aHaJIOrHYHOrO PaCCMOTPeHHOMY BBIllle. Sfecb C—cpeAHAA CKOpOCTh BON 
qua; Cy — onepatop conpsxeHud Jia Kombua, T. e. dyHKunA iD + C,® ect 
MpetesbHOe 3HaveHve Ha BHeINHeH OKPY2KHOCTH aHaJMTMYeCKOM B KONDII 
4238 


t 


YHKUMH, KOTOpad MPpHHHMaeT Ha BHYTPeHHeH OKPYKHOCTH BeLLeCTBEHHbIe 
HaveHHug; 


co 2n 
2 — 17% sinnOsinne 
K, (26) == ¥ 
ud 4. 2" n 
n=1 0 
Pemenve sToH 3alaun 3aBMCHT OT MByx Oespa3mMepHbIx TMapaMmeTpos: 

h 
— pees 
=gh/2nc? ury=e *; h—cpequaa rayOuna. 

Teopema 1. IT]pu Kastdoti 3adannoli eeauuune h/ cywecmeytom eoanot 
CMAHOBUELUEZOCA BUDA, MAKCUMYM Y2NA HAKAOHA KOMOpeLX nNpunUMaem At060E 
HaveHue U3 uNmepeana (0; 7/6). Yucaa Ppyda npu samom yoOoeaemeopswm 
epaeencmeam in 


gh 
a <x Qnc2 << b, a > 0; 
1, D 3aeucCAM AU Om BeaudunoL h/d. 
2. Paccmorpum Tenepb Gomee o6mlyIo 3aqaty oO mepHowuyeckom TeyeHHH 
KHAKOCTH Ha], BOJIHUCTHIM WHOM. Ilyctb dopma ua (S) 3aqaHa mapametTpu- 
ieCKHM YpaBHeHHeM 


a= «(l), 


We %® — yroJl MexKy KacaTesIbHOH K KpHBOH S u ocbio x, /— AnuHa yrnu. 
PyHkuMA o (/) NepHowuuecKkan c nepHogom L. Byjem npeanonarath, yro « (/), 
IMeeT IlepBy!0 MpOW3BOAHy!IO, YAOBJeTBOpAIOULyIo ycoBHio Tembyepa. 
Safmaua 1. OnpezemutTs S6esBuxpeBoe yCTaHOBMBIeecA JBM2KeHHe KH ZKO- 
TH CO CBOOORHOH rpaHHueH, oOamaromel TOM %*e MePHOAH4HOCTHIO, 4TO- 
i Ho (S). Ota 3afqaua MoxKeT ObITh CBeMeHa K PelICHHIO CHCTeMbI yYpaBHeHH 


rai] 2m One 
@ (6) = v\ K, (c6) eo? sin M de + \ Kz (cb) a[l(e)lde; l= x le AC 
0 A ) 


- HeusBecTHpimMa (6) u /(0). Syechb W(8), no-mpexHemy, yron HakNOHa: 
‘acaTeJIbHOH K Tpodpus1o cBooOosqHoH rpaHuupl; K, (26) u Kez (ef) — pynxuna 
‘pHHa CMelllaHHOM 3afaunM Aa Kouba; C — onepatop conps»xeHua. Pemlenne 
pelemneTcH IBYMA Oespa3MepHbIMM TapaMeTpaMu: uncom Ppyya u OTHO- 
UTeIbHOH ryryOHHOH , 
C pee 
ea pte ed 


'— CpeAHAA CKOpocTb BJO AHa; A — cpeHAA rayOuna. Cnefyroulaa Teopema. 
THOCHTCA K ObICTPbIM MOCJIEKPHTHYeCKHM TeYCHHAM. 

Teopema 2. ITycmo Oanot dynkuyun «(l) u napamemp r,, nputem cnpa- 
eONUBbL HeEpaseHcmea 


= axa | < max |a| <->. 


To20a moo#HO yKasamb maKytoO noAaogcumeNbHY!O KOKCMaKMY a, 4mo npu 
wobom 0O<v<a peulenue sadauu 1 cywecmeyem u eOunCmeeHHo. 

OrmeTHM, 4TO B CJIy4ae BHITIOJHeHUA YCOBMM TeopeMbl 2 pelienHe sagaun | 
ieMpepbIBHO 3aBucHT oT (pyaKuuu a(/) Hw MapameTpoB 7, u v. B yacrHoctu, 
puBaA mpodusa cBoOosHOl rpaHHUbl CTpeMHTCA K IpAMOM Cc yBesMYeHHeM 
TYOMHbI 10 ZKCHOHeHUMaIbHOMy 3aKOHy. TouHee, ClpaBeMBO HepaBeHCTBO- 


4 —e 

B cayuae, Korga KpuBat S o6vlayaeT BepTHKaJIbHbIMA OCAMH CHMMCTpHH 

i yron a (/) coxXpanseT 3HaK Ha TOJlyMepwoe, MOXKHO NOCTABUTb Cie AyIOULyto: 
saauy: 


3amaua 2. Haiirm nepnoquyeckue TeveHHA, Y KOTOpbIx cBOOOAHAaA rpa- 
Hula OyeT OOvlaaTb TeMH %Ke BePTHKaJIbHbIMH OCAMH CHMMECTPHH, a yrow 
(6) umMeTb Ha Toymepwoge TOT x%e 3HaK, uTO uM a(/). Cnenya Kepboe, 
Ha30BeM TakHe TeyeHHA P-TeYeHHAMH. 

Teopema 38. /]ycmb @biInOAHeHbL YCACBUA: 

17 

ls wt max|a| =a << max|a|<-—. 

2. a(—l) =—ai(l). 

3. a(Di 20; Oa Pa Lez. 

Toeda Oa ato60e0 4ucaa 8 E (%; = /6) cywecmeyem P-meienue makoe, “me 
max|D|=8. Yucaa v npunadnrexxam npu amom HeKomopomMy UNMmepEeary 
(0; 6); 6 >0 u om B ne saeucum. 

Teuenua Tuna P Opi usyyennr PKepde (*). Mm Oniio WoKasaHo, 4TO Mp¥ 
MaJIbIX UHCIaX V TAKHE TEYeHHA CYIUECTBYIOT H EMHHCTBEHHEI. C pyro CTOpOHH, 
B padote (3) ycTaHOBJIeHO, YTO MpH OOJIbUIMX UMCMaX v He MOryT CyleCTBOBAaTE 
P-reyeHua c Maou amnuiuTyfov. Mcnomb3sya TeOpHiO MOJIOKUTeJIbHbIX ONepa- 
TOPOB, Mbl MOKa3bIBaeM, UTO IPH OOJIbIMX YMCaX v HeEBOSMO*KHbI P-TeveHHs 
c mo00H aMmMInTyo“. 

B 3aK10ueHHe OTMeTHM, 4TO UHcIO 7/6 B PopMysupoBKe Teopem | u 3. 
M10-BHHMOMy, He ABsIAeTCA ciydalinpim. V3BecrHo, 4TO MpeseJIbHBIe BOVJIHb 
Crokca (cyllecTBOBaHHe KOTOpbIX NOKa He JOKa3aHO) HMelIOT MaKCHMYM yTJé 
HakJlOHa Kak pa3 </6. Kpome Toro, ucnomb3yA HepaBeHcTBO (1), merkKO 0Ka: 
3aTb, YTO KPpHBaA Npodusia BOMHbI OyAeT CKOJIb yFOAHO TiaqKON U, COriacHe 
pesyuibTaTaM KepGe (*), aHasIMTHUeCKOH KpHBOH, ecmH max |O|<x/6. B cBasi 
C 9THM ObWIO Obl BeCbMa HHTepeCHO WOKa3aTb, 4YTO YCTAHOBUBUIHXCA BOJIH ¢ 
max |®|> 2/6 BooOule He cyllecTByer. 

PaOora BbIMOJIHeHa Ha Ce€MHHape NO HeJIMHeHHbIM TpOOJleMaM MeXaHHKI 
mp Pocropckom-Ha-J[ony rocyfapcTBeHHOM yHHBepcuTeTe MO pyKOBOACTBOD 
HM. HW. Boposnua. 


PoctoscKuli-Ha-Jlony rocyjapcTBeHHbli Tloctynuato 
YHHBepcuTerT PP IK ARIES 


UWMTHPOBAHHASA JIMTEPATYPA 


1A. UW. Hekpacos, Touuas Teopua BonH ycTaHOBMBIeroca Bua Ha NOBepxXHOCT, 
TaxKeOH- 2%uKoctH, 1951. 2M. A. KpacuoceabecKkuh, Tononormueckue meToni 
B TeOPHM HeMHEMHbIX MHTerpadbubix ypaBuenHl, 1956. % H. H. Moucees, I[Ipnuka 
MaTem. w Mex., 21 (1957), *R.Gerber, J. Math. Pures et Appl., 34, 185 (1955). 
*M.T. Kpeitiu, M. A. Pytmau, Yen. matem. nayk, B. 23 (1948). 
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Aoraage Akagqemun nayrx CCCP 
1960. Tom 130, N 6 


PHSHKA 


H. M1. J3t0B 


O TIPHMEHEHHH METOJA ®YHKIMA FTPHHA 
B TEOPHH TBEPAOFO TEJIA 


(ITpedcmaezexo axademuxom H, H. Bozoato6oeum 12 XI 1959) 


MeroX dyHkuni [puna Bo MHOrux cayyadX OKa3ascAH yOOHBIM MHCTpy- 
(CHTOM JIA MCCJIeqOBaHHA CBOHCTB KBaHTOBbIX cucTeM (17°). Dro o6crosTeub- 
TBO CBA3AHO C TeM, YTO NpH NOMOLIM PyHKuHH Cpuua (ofHOUuacTuYHOH u AByx- 
A@CTHYUHOH) MOXKHO OMpeeINTb (akTHYeCKH BCe OCHOBHbIe XapaKkTepHCTHKH 
uctempt (’, °). B mocieqHee Bpema B padore H. H. Boromo6opa uC. B. Ta6- 
mkoBa (°) MpedioxweH yOOHbI cnoco6 paccMoTpeHua 3alau craTucTrHyecKow 
M3HKH TPH MOMOMH OMepexkalowlux HM s3ana3fpiBaloujux dyHKuHH puna. 
ecb MbI OyJeM CJIeOBaTb B OCHOBHOM 93TOH padoTe. 

B jlaHHoH 3aMeTKe UccJlely!oTcA TpH NOMOWH dyHKunH Tpuya Tak Ha3bl- 
AaeMbIe IKCHTOHHbIe COCTOAHHA B KPHCTamlax. Ora 3ayaya paccMaTpuBasacb 
AJOM ABTOPOB pa3IMdHbIMM cnocobamuH (7°"1%). Meron dbyHkuui Tpuna umeer 
@ IIpeHMylllecTBa, YTO JaeT BO3MOXKHOCTb paccmoTpeTb cayyah T=40°K u 
ICHHTb XapakTep MpH6MxKeHUA. SaMeTHM, YTO yYeT B3aHMOJeHCTBUA 9J/IeK- 
POHOB C pelllerTKOH pH MOMOMM 9TOrO MeTOJla HeMOcpecTBeHHO NMpUBOAHT 
- OMpeesIeHHIO HeKOTOPbIX KHHeETHYeECKHX KOSPPMUMEHTOB, OTHOCALLHXCA K 
KCHTOHHBIM COCTOAHHAM. 

Jia onpefqeieHua cCmekTpa 3KCHTOHHDIX COCTOAHHHM MccJedyerca AByX- 
acTuuHasd (4 JByXBpeMeHHas) PyHKuuA puna. Cnektp 9KCHTOHHBIX COCTOAHHH 
mpeleinerca momocamu dbypbe-o6pa3a aTOH dynKunH. B mpunuune tTakoL 
(OUXO NOsBOMeT HalTH TakxKe WAMpHHY YpOBHeH, JIA STOTO NOHAaMOOM NOC 
Bl paccmoTperb dyHKunu Cpuva Beicwux nopsaqKos. IIpu6nuKenue, npHHaToe 
HACTOAMeH 3aMeTKe, MO3BOAeT HaliTH 9HepreTHYeCKHH CNeKTP, HO He WIMpHHY 
KCHTOHHBIX ypOBHel. 

PaccmorpuM cucTeMy 9/IeKTPOHOB, HaXOJAIMXCA B pellleTKe (y3JbI pellleTKH 
pemnomaraioTrcd HeMOLBMXxKHBIMH). B caMoM OOLeM cJly¥ae 3Ta CHCTeMa 93JIeK- 
POHOB OMMCbIBaeTCA TaMHJIbTOHHaHOM (**) 


“af 
H= DiL (aha) ata, “AE x 2 PF hhhhs atat a, a, . (1) 
{fife 1/2l3/4 : 


fujexc f ompefenser HOMep y3Jla M COCTOAHHe S/IeKTPOHAa Ha 9TOM yaile. 

B uacruocru, ecw paccMaTpHBaTb aTOMapHbIli NOMynpoBosHHK (THNAa Ge), 
0 uHyeKc f BKIOYUaeT B CeOA HOMep y3Jla H HOMep 30HbI, NpHyeM MaTpuy- 
ire auiemenTst L(f, fo) wu F(fi fo fa fs) BbrMcneHbI MpH NOMONH PyHKIUMH 


3aHbe. 
Oomev3BectHO, UTO OOpaboTKa raMusbTOHMaHa (1) B MpHOmMKeHHH CaMo- 


ormacoBaHHOro NOMA MpMBOAHT K 3OHHOMy XapakTepy CIe€KTpa 3/IeKTPOHOB. 
Jallaua COCTOUT B TOM, ¥TOOb! yYeCTb KOPPeAMHIO MexKy SeKTPOHaMH, Cy- 
[eCTBEHHO BJIMAIOULyYIO Ha XapaKkTep CMeKTpa CHCTeMbI SJIEKTPOHOB BOJIM3H 
Ha 30HHI MIpOBOXMMOCTH. 
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Jn yyeTa KOPPeAWHH SeKTPOHOB AOCTATOUHO PaCCMOTPETb TOIBKO 3 
nasitpiBaloulylo WByXyacTHyny1o dyHKuUulo I’puna, onpefeieHHy!o culeAyIoUlt 
o6pa3om: 


Catt (2) ape (2) | age (’) age (2")>> = — 18 (@ — 7) <Laz (2) apr (t), Gg (t’) age (’) 1D 


rye <...)= QSp(...e-#"), Q=Spe "es. 
Bocnorb30BaBllucb ypaBHeHHeM ABWKeHHA JI OlepaTopa B raliseHOepro 
CKOM TpecTaBseHHu, Aa cpypbe-oOpasa sTOH PyHKIMH [puva nowy4aHM 
4 


-- 
E Kap aye | ageagr>> = — {CGP Agr) Berge — Cagragry Bgrp'} + 


Sop aebreN (ip: <<afias | agags>> — > Lett (ff’) <<af ap | agragr>> + 
f f 


+ >) (F (ffiffs) — F O'fifel)) <aPap (<ajiay, lagag>> — 
Fifof 


— Dy (F (fif’fe) — F (Pabel’)) <ajhap> <<a ay, 
faf of 


Lett (fifo) = L(fufe) + Dy CF (hil fof’) — F APP Ia)} <afrap>. 
jie 
IIpu BelBoye ypaBHenus (3) IIpHHATO Cesytolllee pacieleHve TpexyacTH 
HOH (pyHkunu I’puna: * 


ApAgry>, ( 


rye 


+ 
<<aj. aja;,a;, |UgeAgr>> = 
= (ajra;,> <<ajia;, | avagr>> — <ajia;,> <<ajiay, 


+ 
AgAgr>> — Caf az,> <<ajia;, | dgagry>. 


+ 
AgAg>> + 


+ <ajtar,> <ajar, 


Takoe l1pHOmuxKeHne dusuuecKH O3HauaeT, UTO YUHTHIBAeTCA B3aHMOTe 
CTBHe BO3OyKJCHHOTO SJICKTPOHA C JLIPKOH, OOpasoBaHHOH B (hoHe s3anouHe 
HbIX OJHOSJICKTPOHHBIX COCTOAHHH. OcTabHble SJIEKTPOHbI CO3aloT JIA Kar 
oH apbl 2eKTpOH — bIPKa CaMOcorsacoBaHHoe Nose, onpelesnemoe m0 


HOCTbIO 9JIEKTPOHOB <a; a;,>. 
Uroopl HalitH pellenue ypaBHenun (3), PaCCMOTPHM CJlemytollly1o BCTIOM 
raTeJIbHy!o 3ayayy: 


Ey, (FP) = Dibet (FF) oy (FF) — Dy Leet (FP) oe PY + DE (PPP fe) — 
i 


fifof 
—F (f"fifef)) <ajra; — (F (Ffif' fa) — F (ffafef’)) <afhap >} wy (fife) 4 


C yCJIOBHeM HOPMMpoBKH 


iy (FP) Wy (FF) = Bay. 


igi 
Tora JlerkO HaliTH, 4TO 


<<ajrayr |agagr>> = >) A, (g’, 9"; E) uy (FP, 


, ae 4 — * 
Ay (g', g"; E) = 5 (E—E)* xX Dy (ajhage) 8g — Cabapy yy} us (PP). 
jes 
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M3 storo pe3ybtata cle_yet, YTO B CHCTeMe BOSMOXKHDBI 9JIEMeCHTAapHbIe 
os0y2KeHHA, CIIEKTp KOTOPBIX OMpeeAeTCA COOCTBEHHBIMH 3HaYeHHAMM ypaB- 
eHua (4). Moxxo y6eluTpca, 3Haa pemenne (5), ur0 3TO BOs6yxKJeHUA O0- 
eBCKOrO THIIa (MpHOnMxKeHHO). JleralbHoe paccMorpenne ypaBHenun (4) Ja 
lCKOTOPbIX KOHKPeCTHBIX CJIy"aeB, MpeACTaBIAIOUIMX HHTepec WIA (bu3HKH 
(OYMPOBOAHHKOB, MIPHBOJHT K CJIeAYIOULMM BbIBOJaM. JIA 9uIeKTPOHOB B 
eleTKe B MPHOJI2KeHHM CHJIbHOM CBA3H, KOPa yUNTHIBalOTCA BO3Oy2KJeHHbIe 
OCTOAHHA SI€KTPOHA TOJIbKO Ha TOM y3Jle, Ha KOTOPOM 9JIEKTPOH HaxOJucsa 
|; OCHOBHOM COCTOAHHH, ypaBHeHwe (4) onpeyeiser ciekTp 9kcuTOHa Ppeu- 
ea. B Tex cily4uaAX, KOPa BOsOy2KJeHHEII SeKTPOH NepeXOUT Ha coceqHue 
BJIbt, COOCTBeHHbIe 3HayeHHA ypaBHeHua (4) OKa3bIBalOTCA JMCKPeTHBIMH, 
aK UTO YPOBHH SKCHTOHA sJlexKaT HMXKe [Ha 30HbI MpOBOAMMOCTH, peub Her 
; STOM CyIyYae O06 akcuTOHe Motra. 3aMeTuM, 4TO ecJIM paccMaTPHBaTb d/IeK- 
POHHBIM Ta3 C KyJIOHOBCKUM B3aHMOJeHCTBHeM (B 3TOM ciy¥ae uAJeKc f onpe- 
leAeT MMINYJIbC 3/IeKTPOHAa), TO ypaBHeHue (4) ompeyedser cneKTp KOeK- 
MBHBIX KOJIeOaHHi. B uacrHocru, npu T = 0°K cnekrp sror copnaflaer co 
M€KTPOM, MOJIYYeHHBIM B paoore (°). 

Cuntalo NpHATHBIM JOTOM BbIpasuTb OularowapHocrs H. H. Boromo6osy, 
1. B. Ta6ankopy u J. H. Sy6apesy 3a WeHuble cOBeTEI H MHTepec K padore. 


Iloerynusao0 
22X 1959 
IWMTHPOBAHHAS JIMTEPATYPA 


PB: wl. bonus B pry ep ws, KKOT®, 1» 31, ¢ 52200 (1956)3. 305019342 C1956); 


JI. 1. ToppKos, KOTO, 34, 735 (1958). ® UW. M. Koran, JAH, 126, Ne 3 (1959). 
See Dts Bron s, ein. pOlVSe ai laa (1909) ss mk Hob) baud a PTOC. sn OyvaEOOGs 
1240, 539 (1957); A243, 336 (1958). © K. Sawada, Phys. Rev., 106, 373 (1957). 
‘E SA. Ki) ei ns RP rang es Phys: 


-C. @pagkun, JAH, 125, Ne 1 (1959). 
gev., 112, 994 (1958). . 9 H. H. Boroaw6oBs,C. B. Tx6aukos, JAH, 126, Ne 1 
ipo) 2°) G. D r.ejsis e lih atis, J. Phys. Chem. Solids, 15 (14-(1956). 2 Yew ‘a kve- 
fii, Progr. Theoret. Phys., 18, 421 (1958). #* C. Horie, Progr. Theoret. Phys:, 21), 
16 (1959). #8 H. Haken, Fortschr. der Phys., 6, 371 (1958). 14H. H. Boro xzw6op, 
lekuuu moO KBaHTOBOM cTaTucTHKe, Kues, 1949. 
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Jloxxayn AkajeMun HayK ccCcP 
1960. Tom 130, Ne 6 


PH3HK. 


ny ®y-40 


NPHBJIMKEHHbIM, METO, PACUETA OCHOBHOLO COCTOAHH A 
H30TPONHOFO AHTH®EPPOMATHETHKA 


(IIpedcmasaeno axademukom H. H. Boeoatwbosum 24 X 1959) 


Pasupie BapMaHTbl MeTOJla «CMHHOBBIX BOJIH» ObWIM MPpHMeHeHb! PAJOM al 
ropos (+) Qa pa3pa6orKH Teopuu aHTudeppomarnetusMa. I[IpeqnomomKeHt 
O MaJIOM OTKJIOHCHHM CMMHa OT efO 3HaYe€HHA B OCHOBHOM COCTOAHHM Orpadl 
YHBaeT IIPHMeHHMOCTb 3TOFO MeTOfla OOsaCTbIO HH3KHX TeMuepatyp. Efunc 
BeHHOH TeOpveli, MpHMeHHMOH B OOJIaCTH BBICOKHX TeMMepaTyp, ABJIAeTC 
MoslekyIapHaa Teopun Heena (7). OgnaKo Heb3A CUHTATb MOJIEKYJIAPHY 
TeOPHIO YOBJIETBOPHTeJIbHOH, TAK KaK OHA OYeHb FpyOa, OCOOeHHO B 06W1aC1 
Hu3KUX Temmepatyp. B pa6orax (°,4) MpH MOMOLIH cneKTpadbHbIX pesca 
JeHui dyHkunuH TDpusna mo meroyy, mpefqvioxkeHHomy H. H. Boromo6osp 
uC. B. Ta6auKoppm (*), Oba nomyyeHa C(OpMysa HaMarHu4eHHOcTH depp 
MarHeTHKa JI BCeH OOlacTH TeMnepatypbI. B HacrosmeH paO6oTe Mpu MOMOIL 
TOrO 2%Ke MeTOJla pacCMaTpuBaeTCA TeOpHA aHTHPeppoMarHeTH3Ma G6e3 yyue 
anvsorponuu. IlosyuenHaa cbopMyvia Awd HaMarHH4eHHOCTH BepHa JIA BC 
Temiepatyp. B 9TOM KpaTKOM COOOLICHHH H3JIO%KeHb! TOIbKO pe3yJIbTaTHI WJ 
OCHOBHOrO COCTOAHHA. 

Mcnop3ya mpHusatsle B padote (°) O603HadeHHA, 3aMMLeM TaMHJIbTOHHE 
CHCTeMBI H3OTPONHOrO aHTudeppoMarHerHuka 


= = oS, = Oni life) ) SRSI, = 
4 
= +m J x2 (21 — G2) SzSe — Du (f = i0) S7Sg ¥ | 


2 CopepuiluM MpeoOpasopanve * OT CIMHOBLIX oMepaTopoB Kk onepatopé 
ayJH 


Shy (lS on yA, ee 


roe h=f, g, i= 1 npu AEf, i=2 npu he g.B npegnonoxenuu, ato <b,> = 
{* MMeIOT CMBICJI HalpaBJIAIOWMX KOCMHYCOB CMHa, u 


a= yoy == sr 


ae A =VePE a 
Verve’ “Tope? “SV OP+ OO 


* Oto mpeoOpasopanne mpuHannexut C. B. TaOuKosy. 
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Tlogctapnaa (2) B (1), nonyaum ramusbToHHaH B onepatopax Ilayan. 
Cnenya pa6ore (°), BBeqem cremyrouue dynKunn puna 


Ghike = <<bn (t) |b (t’)>> = 8 (¢ — 2’) “lon (), GE (EID, 
Ghne = <<bit (t) [OF (t’)> = O(— 1’) fot (1), OF (YI (4) 
(Cee Reg ree ie 


Ucnonp3ya ypaBHenua ppuxKennit qua bp, bi, NOJyYHM WenOuKH ypaBHe- 
HUA Waa dynkunn I'prna. Jia pacuennenua sTux ypaBuenuli npeqnono%*KUM, TO 


<<ntn, (t) Ba (8) | Bi (d')>> = i <KOn, (t) | BF (EY 

<<nin, (t) Bis (t) | bin E> = 1: (<bE, (DOE), 
re i= 1 npu 4, €f, i=2 upu heég, n= <ni> u cuMTaeM, 4TO (yHKIHA- 
mv IpHna BBICIIMX TOps_KOB MOxHO MpeHeOpeub. Torga nomyuuM cucTemy 


3€MKHYTHIX ypaBHeHHH Jia dbyHKunuu puna (4). Bydem uckaTb ux pelienna 
B Bie 


: co 
Gh (t—t’) = \ Gi (E) e210 dE, Oe (B) = 5 Set KY () 
= 7 (5) 


(i=1, 2), 


mei=linpu hej, ’=2 upw hee’; = 1 npn ef; l= 2 npa h’€g; 
YV— BeKTOP OOpaTHOH pelieTKH. B pes3ybTaTe MOJyYHM cCHCTeMy JIMHeHHbIX 
ypapuenuit nua K$?. Se 

B jambueliitiem mpeamonoxKHM, YTO Jy =—Jo=J, = nm=nu A= 


=Hy=0, =H, ~=—p=V1I-, T=2=% V= =0. Opa 


OT acc (1) ye) el) pe) __ yr) 
9TOM MOXKHO yOeHTLCA, TO Kew = a , oe =Kyp, Kn = Ke » Ka = Kiz, 
A pellleHHA JIA HAX MOXKHO Jerko HaliTH. CylexyxA OCHOBHOM topmyse pa6o- 
rb. (°) w yantbiBan cooTHoweHuA (°) Jy (tb — v) = — Jy2 (v), J (nO —v) = J (y), 


(J (v) — Komnonent @yppe OOMeHHOrO MHTerpasia), Moce Nepexoa OT CyMMBbI 
< MHTerpasly, NOJyyHM CopMy Jbl 


6 Cun) : Fy + 2770/10 1 he 
Bis, ))) oe eee ony. 
<bnbt> = nn + > Dae ) etre a eth Sey, 
(6) 
2 (1 — 1?) ode 1B 
eth = dy, 


o VU Fyre 6 
<bfbg> = 2 (2n)3 \ ett i 


~1e U—oOObeM 3uleMeHTapHOM aueliku; o = | — Qn; 
Fy = 2(pHy +o (J —J + (27° 1) Jp), 


Ey = 2 ((uly +0 (J—J) +4 (24? = 1) Jz + Jae) X 


x [wy +o J — J) + 9 (24? — 1) Jae + Jae) 1}. 
4245 


Hogctapiaa h, =h, B nepsywo dopmyuy (6), nory4HM 


4 U F + 2720/12 1 7 
~ = oe ) eo oth ay dy. (7 


v 


[Ipeanos0%KuM, uTO CpeyHee 3Ha¥eHHe H3 HeyeTHOrO UYHCJa ONepaTOPOB 


Tlaym paBHo HysIO HU <Npfn> = n®. U3 ycnoBua MHHUMyMa CBOOOMHOH 2Hep- 


rau = = 0 u (6) nowyunm 


4 2 { Uv IS + 20/45 ee Je, —_ 
yee \Gn)® \ Pee ee Tas} : 
WM BbIpaxkKeHHe AJA CpeqHeH SHeEprHu 
E=— Naty — Ne (uHy + J+ 2 — VJ pn) — 

v Fy + 2y?oJ 12 

= 2IoN (2n)8 \J ot a 
2 (1 an 1?)PoJ coms Ke E at 2y?oJ ) Ey 
—2aN a = ve 7 acid, 


PayM MpocToTbl paccMoTpHM mpocTyro KyOuuecKylo pellieTKy H OyJeM CUH- 
TaTb Jip = —|Jy.|; J =O. Jina uccneqoBpaHua oOcHOBHOrO eae T1OJIO- 


«uM §=0 B (7), (8) u (9). BBenem Oespa3mMepHy!0 BenHunHy h = 


TOr 
i [Siaf ’ 
la MOCJIe HEKOTOPHIX BbIUHCJIeEHHH MOJIYYHM pelueHua A u B. # 
A. Pemenve npu h <1: 
o = 6) + oh? Ink + 0(h); (10 
Y= 1+ Yoh? InA + O (A%); (11 
E> N | dy | (6, + eg’ Ih On), (12 
rye 
oa —Vs. 22210) 
S95 = + = 0,865; y= 37 4 ae eee 
: , =y2 
.— Tp aT = 994455 im i+IG=nF = — 0,108; 


ee {7 +2U—n}=— 1,186; 


bp = — 2 {o97, + 9, (J—1) 4+ V2 Ay, (1 — o941)} = 0,01; 


6/2 x 4 du 
m4! (2n)8 a er oe \ViI= aa (Q/3)" ao 


(du = dxdydz, T—o6nactb—n< x, y, z2<m; Q=cosx +cos y + cos 2) 
OTMeTHM, ¥TO TeOPUA CNHHOBEIX BOJH JlaeT 3HaveHuA o, = 2—J = 0,844 

é.= 2] —3 = 1) 104, 
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B. Pemenne npu 2—hA>0: 
o= 1+ 0,(2—A) + 0, (2—h)* + 0((2 —A)? In (2 —A)); (13) 


T=14+%2—h) +42 (2—h)% + 0((2 —h)? In (2 —h)); (14) 


B= N\Sy|{—3 +e (2—h) + e(2—Ay"! +O((2—A)* In (2—A))}, (15) 
rye 


Oo) = 


K (1 —K) 


omeS = : K—2 
ee = — 0,238; 


Y1 = "22K? —5K +4) 
og x VBA 13K + OK 4 8K) ig wy. 
: 3 (2K? —5K +. 4)/s ae 


9 HS 8 Py — fs 
— 2V2A(1K 8K = 4K es Bes 
3 (2K2 — 5K + 4)’ 


€y = 2 — 20, — 2(1 — K) (*/, + 91 + 343) = 2,52; 
“ig SS Yin faa sa al ang jf AIRY GW gel a ti 


V2 
4 do 
CS (2x)8 \ 1—Q/3° 


Korga h>2, += 1, BewlecrBo Beet ce6a Kak tbeppomMarHeTHK. 
B 3akmoueHve aBTOp BbipaxkaeT rsyOokyio OnarogapHoctb C. B. Ta6dnu- 
copy, a Takxxe T. Iuknomly 3a WeHHbIe OOcyxKJeHHA. 


MatematTuyeckult MHCTHTyT uM. B. A. Crekaosa Tloctynusto 
Axajemun Hayk CCCP 16 IX 1959 


IHMTHPOBAHHAS JIMATEPATYPA 


1 Antucbeppomarnetu3m, COopx. cr., HJI, 1956. * L. Neel, Ann. de Phys., 134 
948). 3H. H. Boronw6os, C.B. Ta6auxos, JAH, 126, 53 (1959). 
C. B. Ta6auxkos, Yxp. matem. xypn., 11, Ne 3 (1959). SC. B. Txa6auxos, 
3. MeT. H MeTammoBer., 2, 193 (1956). ° P. W. Anderson, Phys. Rev., 86, 693 (1952), 
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Tloxnagn Akayemun nayk CCCP 
14960. Tom 130, Ne 6 


PH3UK# 


r. A. CKYPH]UH u K. MI. CTAHIOKOBHY 


MPHBJIMDKEHHOE PEWIEHHE 3AQA4M O JBY)KEHHH 
MPOBOASMIEH MJIA3MbI 


(IIpedcmaeazeno axademuxom HH ™BoeonrboemYl6 X11959) | 


B pa6orax (1~*) pasBuT HOBbIH MeTO acHMNTOTHYecKOorO MHTerpHpoBaHHs 
JIMHeHHBIX MddepeHUMasIbHbIX ypaBHeHHH B YaCTHbIX MpOW3BOJHBIX TuNep 
Oommueckoro THMa H MOKas3aHO MpHMeHeHHe STOFO MeTOfa K MOJIYYeCHHIO aCHM 
NTOTHYeCKUHX pelleHHi AIA ypaBHeHHA aKyCTHKH M ypaBHeHHli Maxcpeana 
B pa6orax (°~§) yKa3aHuptit MeTOR pasBUT MpMMeHHTebHO kK pellleHHIO AuHa 
MMYeCKHX 3aad Teopuu ympyrocru. 

O6ujai useaA MeTORa B Culy4ae JHHeHHOrO ypaBHeHHA B UaCTHbIxX npous 
BOJHBIX rMnepOoMyecKoro TuNa (HallpHMep, BOJIHOBOrO ypaBHeHHA) COCTOH’ 
B C/eyIOWeM: MyTeM cieltHalbHoro BEIGOpa @yHKUMH MBI MBITaeMcA MpHOvIH 
2KeHHO YJOBJIETBOPHTb HCXOJHBIM ypaBHeHHAM, T. e. HUeM pellieHve B BHIE 


w(x, y, 2,1) = A(x, y, z) exp {io[t — (x, y, 2))} (1) 


IIpH YCNOBHH, 4TO. wW—>oo. 
B pe3yibTaTe MOJlyuaeM H3BeCTHbIe COOTHOLICHHA: 


grad? =; (2 
2 (grad A grad ®) + AA® = 0, (3 


rye P (x, y, 2) — 94KOHa BoHE, A(x, y, 2) — amnuuTyqa KOneOaHua. 

C azpyron CTOPOHBI, XOPOMIO H3BeCTHO, YTO ypaBHeHHe Id CKauKa pas 
PHIBHBIX PellleHHH BOJIHOBLIX ypaBHeHHH CoBMaflaeT Cc ypaBHeHuem (3). J[pyrumi 
CIOBaMH, MIpHOM2KeHHOe pelllenue (1) mpu w—>co coBnayaeT Ha (pOHTe BOMHE 
C Pa3PbIBHbIM PellleHHeM, KOTOPOe MOXKET CYILECTBOBATb JIA CTPOroro pellieHHs 
HCXOJIHOrO ypaBHeHHa. 

TakuM 06pa30M, ycTaHaBJIMBaeTCA MJeHTHYHOCTh MexK Ly CKaYKOM pa3pbIBi 
HecTallMOHapHOro BOJHOBOTO *poHTa uM aMNHTY OL «TeOMeTpHYeCKOrO TPH: 
OMKEHUA», KOTOPOe COOTBETCTBYeT TpaeKTOPUHAM JIyyeH, OPTOrOHa/bHBIX 9TM) 
BOJIHOBbIM (pontam. 

IIpocrota (pus uuecKoro HCTOJIKOBaHHA ACMMMTOTHYeCKOrO MeTO,a LWIA cay! 
Yaad JIMHeHHbIX yPaBHeHHH, K COKaeHHIO, He COXPaHsAeTCA JIA KBASH/IMHeMHBI 
HM HeJIHHeHHbIX ypaBHeHHi. OgnaKko opMasbHO STOT MeTOJ H 3]ecb NO3BOUIAE” 
pelHTb pA 3afay. 

B Hactoslei pa6ote ABTOPHI NIPHMCHAIOT NIPHONMKeHHbIA MeTOA K 3afaue 
MHTe€rPHpOBaHHA ypaBHeHHH Na3MeHHbIX KOeOaHH. Uiccnegyetca samaua ABU- 


*KCHHA Ta3a B cpeye C KOHe4HOH IIPOBOAHMOCTbIO o. Byjem C4UHTAaTb, 4TO Cpe- 
S=So_ 


a NOMYHHAeTCA ypaBHeHuIO CocTOAHUA Bula P=pe % yy. B sToM cuyuae, ec- 
JM CuHTaTb, ¥TO V | H, rye v=(u, 0, 0); H=(0, H, dy, M mpeHedpeub TO-/ 
KOM CMCLI€HHA, TO CHCTeMy ypaBHeHHil MarHuTora30qMHaMUKM B OHOMepHOM 
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clyyae NOJyuHM B BHJe (°) 


(4) 
ap ap a —1)  /aH\s 
a bP Se = TE) x ( i 


OH, duh _ o2H 
aL Ox ox ° 


| Syecb x = c?/4nc — MarHuTHad BASKOCTb; o — MpOBOMMMOCTE; Y = Cp/ Cy — 
OTHOIWeHHe TelloemKocTei; P — aBseHHe; p — MIOTHOCTb; UW — CKOpPOCTb 1a3a; 
¢€— cKopocTb cBeta; S —- 9HTponua; H —HalpxA2xKeHHOCTb MarHMTHOrO NOWJA. 

Tleppoe ypaBHeHne cuctempr (4) ecrb ypaBHeHue Hepa3spHIBHOCTH, BTOpoe — 

ypaBHeHHe JIBHX%KeHHA, TpeTbe — ypaBHeHHe 9HEPrHH, MoceqHee — ypaBHe- 
uve Makcpeja, HamucaHHoe c y¥eToM 3aKoHa Oma. 
TakuM O6pa3oM, 3aaya cocTouT B OTHICKaHHM HeusBecTHBIxX P, p, H u u 
'B JOcTaTOUHO OOUeM Buse, T. €. TaK, YTOOb! OHM COJlepxKaN MpOUSBOJbHBIe 
| PYHKILMH, KOTOpHIe 3aTeM MOTYT ObITh ONpeeeHb! H3 HavYaIbHBIX U PpaHHUHBIX 
ycuIOBHh. 

Ilockombky ypaBHeHve 9HeEpruH He ABIAeTCA TOUHDIM (He YUHTBIBAeTCA 
TeIJIONPOBOMHOCTh, H3JIyueHHe), a TOUHOe YpaBHeEHHe HMEeT CJIMIIKOM CJIOXKHBI 
Buy (7°), TO HMeeT CMBIC NpH OTHICKaHHU BeuuHH P, p, H uv u ACHOMb30BaTb 
TOIbKO TPH ypaBHeHHs cucTemp (4), 3afaBad W B ONpeseeHHOH *opMe c TOU- 
HOCTbIO JO IIPOM3BOIbHOH (yYHKWMA WM MOCTOAHHOH. 

IlepexoqumM k pellieHuio mocTaBsleHHOH sajauu. Bpoa mceBdocKaApHbli 
\MOTeHWMall ~ MpH momo coorHouleHua H = do/dx, mocneqHee ypaBHeHHe 
|cuctembt (4) MOxKHO HanHcaTb B Bile 


0 0 oO 
fe ule a EE 0) 
Byjlem uckaTb pelienve ypaBHenua (5), nomaraa 
(KAY, iy 1) et) (6) 
| Tloyerasaaa (6) B (5) uw oTfenas, WelicTBUTeIbHy!IO H MHMMy!O YacTH, Hali- 
eM, 4TO 
aA 0A _ fara af \2). 
oF + use = x(S5—08A (5) |; (7) 
oF Ror rot) ace ah 0) 
or + ae =*| gat oe oe In Al. (8) 
II]pu o> 1 MoxHO noKa3aTb, YTO 
0? Al Of \2 
Fa 0" (SE) (9) 
|p 9TOM ypaBHeHve (7) IpHMeT BULL 
| a a of \? 
Ee (In A) +0 5 (In A) + x08 (G2) = 0. (10) 


B jambHetwiem Mbl OyeM paccMaTpHBaTb kwIacc PemeHui (6), NMOMYHHeEH- 
JHbIM JOMOMHHTeIbHOMY YCJIOBHHO, T. €. 6yeM CYHTaTb, 4TO 


oVx 2 = B=const. | (11) 
|(MoxHo TakxKe paccMaTpuBaTb Soviee OOulHH cnyyai B= B(t), npu stom pe- 


WeHve ypaBHeHHa (8) IpHHIUMNMasbHO He yCOXKHUTCH.) 
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Tlon0xKuM w Vx =a, mpwuem OyfemM BblIOHpaTh NOpAAOK TAK, YTOOHI TI0- 
PAJOK % COOTBETCTBOBA NOPAAKY OCTAJIbHbIX YWICHOB ypaBHCHHA. IIpu nomo- 
mu (11) nonyuum 


poSx4TQ). (12) 
Togctasaasa (11) B (8) u yauTpwBaa (12), OyfeM MMeTb | 
u=%2 In A—ZT. (13) 

x 


Vckmouaa uz (10) uw (13) uw, mpufzem kK ypaBHeHHIo 
2G © te) 1) AL 2 ; 
ttt na—JZinA—B=%(en A). | 


Tlubdepenunpya mo x u oOo3Hayaa 8 = (In A);, ToayaHM 


08 Gras) OO ws y 
ot | —ZT [5 =0.- (14) 

PemieHHe STOrO ypaBHeHHA MMeeT BU], 
x = 4x6 —-5-T + F (6), (15) 


rae F (0) — npousBo/lbHaa (yHKUHA. 

Takum oOpa30M, Jia ompefzeneHua § Hu Mbl HMeeM [Be MPOH3BOJIbHBIX 
dyHkuun T(t) u F (0) w ony npousBombHy!o ocTosHHy10 B. PaccMoTpumM) 
ciyuai, Korga F (8) = 86, rye 8 =const <0. IIpu sTom Mp npuxoqMM K JH- 
HeHHOM (pyHKIWH Aa u = u(x, t). B camom gene, u3 (15) umeem 


x = (Ant + 8)9—2T. (16); 


Tlonctapaan 3HaueHve 8 w3 (16) B (13), nomyuun: | 


ed 
x +- el 5 ‘ 
v2 (17) 
Kpome toro, c yyetom (16) umeem: | 
oe a 
2 aa | 
A == Ay (t) exp ~~ exeT +B . (lg 
CnegopaTesbHO, Hallie peleHue ypaBHenua (3) npumer BHA “2 
be Me a T 
Deep Es B 
© = A, (t) exp pets cosa(F x47). (19) 
Otcioqa Ait Hanps2KeHHOCTH MarHHTHOrO Noa NOyYHM 
x + z T 
yey x 
Jahres Ay (t) taba 6 Oe w(Fx + Tr) = 
x 4 a 7 
we Boonen B Pay Se 
a Sin @ = x -- T )k exp ieee : (20) 


tak, ofHa 43 HeM3BeCTHBIX BeJIMYHH, BXOJAUIMX B cHcTemMy (4), HaMH 
nowyueHa. 


IIpousBoubHyi0 byHKuuio T(t) MoxKHO OlpeeMTb, BBOMA Kakoe-HG60 ye- 
JOBHe AIA U, HaNpHMep, Nolarad, wo npu x =X, u=O0 (Ha cTeHKe), HJIP 
B Ooslee oOuleM ciyyae, 4TO CTeHKa ABMKETCA TO 3akoHy x= (t). Torge 
u=x=(t). U3 ypapueaua (17) nonyaum 


Balhadl B 2uy 
= pipe a lf eel (21) 
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T=VSdT58 {const i Bi \ eae (22) 


4ut + 8 +l vere} 


IloctosHHy10 MOXKHO onpefemuTb, NONaraa, TO ipe f= 0 47 = 0; 


Ecsm nlojctaputTh 3Hauenve T uz (21) 8 (17), To nocmeqHee BbIpaxKeHHe 
pHMeT BUI: 


aa a (23) 


Hlanee 43 nepBoro ypaBHeHHA cucTembl (4) HaxOJMM 3HaveHHe MJIOTHOCTH p. 
OCKOIbKy, C eed i 


2% (x —w 


wItF eer Oe) ae a! alae (In p) =0, 


p=V 4xt + 8 D(z), (24) 


ne ®(z) —npov3sBoubHaa (tbyHKuuA, mpHuem 


—- eA ae, 2x ————————— 
V 4xt + 8 \ leere ca (ce vee 3 9) 


[locnme sToro 43 BTOporo ypaBHeHHA cucTembI (4) HaxoqHuM jlaBseHue P: 


| P + 5 = Polt)— \p (ur + uu) de, C3) 


rye P,(t)—npou3BoibHaa cbyHKUHA BpeMeHH. 

IIpoussouibHple dyHkuwH P(z) u P(t) AomKHDI ObITh ONPeMeeHHI U3 rpa- 
HHUHBIX YCJIOBHH, HallpHMep, B CJlyyae JBHXKeHHA C yapHOH BOJHOH, nowa- 
rad, uTO Ha ee (PPOHTe BHIMOJHAIOTCA H3BECTHBIC COOTHOWICHHA MexK]Y p = 
leo(u) wu P— P(u). 

| PemleHne sayaud mpH KOHKpeTHOM Buje $= (zt) He MpescTaBsAeT 3a- 
py JHeHHH. 

_ Wax, mpa nomomu cootHomennit (20), (23), (24) u (26) mbt onpefemmm 
BCe BeJIMUHHbI, BXOMAuMe B CucTemy (4). 

B 3aksI0ueHHe OTMCTHM, TO IPH HHTerpHpoBaHHH ypaBHenHa (7) Mbl mpe- 


1 0A Of B H 
ie gros Ilo CpaBHCHHtlo Cc @ a(ae ' an ok e€Tpy HO BH- 


meOpersid WIeHOM 5 
{ x 


MeTb, UTO 


a 2 
x 1 PA x Eee 1 (ss ee 
“B? A Ox? B® 4xt + 8 TT OS a es ’ 
% x) 


. ©. Hale JOnyuleHve OlpaBaHo. 


UuctutyT dusuxu Seman um. O. FO. Ulmugra Tloctynus0 
Axkajlemuu Hayk CCCP 22 X 1959 
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Jorknaagn Akanemun nayrx CCCP 
1960. Tom 130, Ne 6 


XHMHA 


E. H. KPOMNAUYEBA, unen-Koppecnonzent AH CCCP B. A. JOJIFOMJIOCK 
E. M. KY3HELOBA 


M3Y4EHWE CKOPOCTH MPHCOEXHMHEHHS JIATHASTHJIA 
K CTHPOJIY HW M3SONPEHY B XOJE MPOWECCA NOJIAMMEPH3ALMU 


_ Pa6otamu C. E. Bpecuepa u ap. 6pi0 ycraHoBseHo, TO MpH nOMMepHsa- 
| WH W30MpeHa HW AMBUHMJa NO BIMAHHeM JIMTHUGyTua OOpasyroTcA MOMMepbt 
C€ OUeHb Y3KHMHM MOJIeKyJIAPHO-BeCOBLIMH pacmpeyenenuamu. Ilo MHeHMIO aB- 
TOPOB, BeCbMa MaJlai MOJMAMCMepCHOCTb HW TayccoOB XapakTep MOJIeKyJIAPHO- 
BeCOBbIX paclpejesieHul OOyCJIOBJeHbI TeM, 
YTO POCT BCeX MOJICKYJIAPHbIX lene Ha- 
yMHaeTCA MpakTHYeCKH OJHOBpeMeHHO 4 
poowmKaeTcaA LO NOMHOTO UCNOb30BaHUA 
-MOHOMepa. OrcioJa BbITeKaeT, UTO HCXOLHOe 
| MeTaJJIOopraHHyeckOe cOelMHeHHe mpak- 
‘TMYeCKH cpa3y OJKHO MpucoeqHHATHCA 
K COOTBETCTBYIOIeMy JHEHOBOMyY MOHOMe- 
py, OOycJIOBJIHBaAd TEM CaMbIM (ppOHTaJIbHOe 
pa3sBUTHe Mpolecca NOJHMepu3salnn. 

Iloqo6Hoe OObACHeEHHE KaxKeTCA MaJio- 
| BePOATHBIM B CBA3H C pa3JIHYHOH peak- 
| IMOHHOM CMOCOOHOCTbhIO HCXOJHbIX JIMTHH- 
aJIKMJIOB H MpOAyYKTOB UX MpHcoeqMHeHuA 
|K JMeHYy, B KOTOpbIX cBA3b C—Li Haxo- 
| AuTCA B COMpAXKeHHH C ABOMHOM CBASbIO. 
| CoequHeHUA YKa3aHHOro THNMAa, Kak H3BeCT- 
| HO, OOJIaaioT 3HAUHTEJIbHO Ooslee BEICOKOL 
| peakUMOHHOH cmoco6HocTHIO (?,°). 


| Puc. 1. 1 — peaxtop emxoctTbio 50 ma; 2— Tepmo- 

| CTaTHpOBaHHBIH KOmYyX; 3 — cocyA emKocTEIo 70 — 

| 80 Ma 21a oT6opa npo6; 4— OroperKa ua BOLHOrO 

| comesoro pactBopa; 5 — rasoBaa OwperKa; 6, 7 — 

TPeXXOJOBbIe KpaHb! AIA OTOOpa mpo6; & — smee- 
BUKOBbIM XOJIOLUJIbHAK 


-B wacrosmmemM coo6mjeHHH MpHBOATCA] 9KCNepHMeHTaJIbHbIe MaHHble m0 
KHHETHKe MIPpHCOeHHeHHA JIMTHHSTHIa K H380MpeHy M CTHpOMy B Mpomecce ux 
nomuMepusaunu. Bpi6op B KavecTBe MeTaJIJIOOpraHMyecKkOrO COeAHHEHHA JIH- 
THETA OObACHAeTCA YMOOCTBOM ONpeseseHHA efO KOHIeHTpalMu MO 9TaHy. 
Jlutuiistu CHHTe3HpOBaJICA M3 XJOPHCTOTO STHa HM MeTasIMYeCKOTO JIMTHA 
B TremtaHe (4). 

Bee onzitbl MpOBOAMuch B aTMOciepe uMcTOrO cyxoro aproua. IIpumensas- 
IMecaA JIA paOoTbl U3ONMpeH, TenTaH uM TeTparuApoPypaH KHNMATHINCh uM Mepe- 
TOHAJIMCb Hal MeTaJWIMYecKUM HaTpWeM. Crupom cyliMicd Hal XJIOpMCTbIM 

KaJIbIMeM MW leperoHsAsIca B BaKyYMe. 
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TlonuMepH3aluA MpoBosuach B TED MOC TE eae de daa i ee 4 ) 
IpeBapHTebHO TPCHHPOBAaHHOM IIpH TeMHepaTyPe — . Uepe p 

JleNeHHbIe NpOMexKYTKU BpeMeHH OT Havasla Mpollecca NOMHMepHsallM U3 Peak- 

IMOHHOFO cocya OTOupauch NpoObi AIA OMpefeeHHA KOMMUeCTBa MOJMMepa 


HM JIHNTHHSTHIa, He BCTYNHBWero B peakIHto. IlomumMep BbiCaKUBaCA W3 peak 
ILHOHHOU cMecH Me€THJIOBBbI 


CHMpTOM, MpOMbiBpaJicA HM BbI 
cyllMBaJicd B BakyyMe J 
nmocrosHHoro seca. Kownye- 
CTBO He BCTYNHBIUeroO B peak- 
I[MIO JIUTHHSTHIIa ONpeeJIAJIOC 
110 KOJIMYeCTBY 9TaHAa, OOpa- 


of 
a 
Sx 


& 
8 


60 60 S 3ylolleroca Mp pas/l0xKeHH 
S poi peakMOHHOL cMecu (oT 
R Oupaemoli B cocyy 3) Boson. C 
40% -9TO WeMbIO NOcJe pasJO*KeHU 
& peakI[MOHHOM npoOst BOLOK Mmpo- 
D 0 JLYKTHL pa3zJIO%KeHHA HarpeBa- 


much B cocyfe 3 mpu 80° qasA 
ylaleHus 9TaHa U3 pacrTBopa,; 
locale Yero a3 MOMHOCTbIO BBL 
20. 4 60 8  10b.mun. TeCHAJICA TOPAYHM CO/IeBEIM 


: aCTBOPOM B Tas0By!0 O1opeTKy 
Puc. 2. Kuneruka nonumepusaunn crupona nog geticr- 2 
BHeM JIMTHHSTHIa: KHHETHKa pacxogza auTuieTusa (/) 5 (puc. 1). Coyepxkanne aTaHe 
uM KuHeTHKa TomMMepusalnu (//) npH nomumepusaluu  ONpPeeJIAIOCb CXKUTAHHeM Ta3se 


cTupoma B Macce pH Temmepatype-+1°; KuHeTHKa Haj, OKHCbIO Me B KBaplleBor 


Konuyectnto mumudsinuna 6 pacmbope 
S 8 


pacxoya auTuleTuna (///) wu KHHeTHKa MoMMepH3a- 6Ke 

wun (JV) np momumMepusaunn pacTBopa cTupowa (16%) pas ; i 

BrenTaHe B MUpucyTCTBHH TeTparuyzpotbypana mpu Cilyyae NOJIMMep v3 aly 
Temmepatype —20° wsolmpeHa Ya3 Nepeq cxku.ra- 


HHeM BCTPAXHBaJICA B MHMeTKE 
Temnes C HaCbIIeHHbIM PaCTBOPOM CepHOKHCION pTyTH B CepHOH KUCuOTE 
JIA TOPIOWLeEHHA NMapOB H380TMpeHa. 

MovsapHble COOTHOLWIeCHHA MexK Ay JIMTHHSTHJIOM H MOHOMepOM BO BCeX OMbITax 
cocTaBIAIH */15) (Qa usonpeHa) u 7/,,, (Qua cTupovia). 

Ha pue. 2 u 3 npescraBieHb! 9KCNepHMeHTaJIbHble aHHble, MOJIyYeHHbIe 
Ip MOMMMepHsallMu B Macce CTUpONa pH Temneparype +1° (-L0,5°) (kpuBHe 
Iu II, puc. 2) wu usonpeHa npu Temnepatype 24° (--0,5°) (kpuBnie J u JT, 
puc. 3). M3 npwpegqeHHnix aHHBIX culelyeT, YTO NpHcoOekuHeHHe MHTHSTHIE 
K MOHOMepy MpOHCXOAMT NocTeneHHO B XOjle BCerO Mpollecca NMOJMMepHsallnH. 

AnaJOrvuHbIM O6pasoM Opi HCcMeOBaH Mpolecc NoOMMepHsalluH cTUpoNe 
H W30MpeHa B IpHcyTCTBHH TeTparMApoypaka, c KOTOpbIM JMTuMOprannueckne 
coeMHeHHA OOpasytor KomnuieKcht. IIpumeHeHve paa KOMMIeKCOOOpa3ylIollHD 
oOaBOK, KaK H3BecTHO (°°), CyUleCTBEHHO YCKOpAeT Mpollecc NOMMMepHsalluE 
AWCHOB_ UH OKaSbiBaeT BIMAHHe Ha CTPyKTypy oOpasyioulelica momMMepHot 
wenv. IloruMepwsalua npoBowulach B pacTBopax Tentana, cofepxKamux 16% 
cruposia 4 20% usonpeHa, mpu Temneparype —20° B cnyyae crupoma u +25' 
B culyyae HsompeHa. IlommMepusalua crupoa B pacTBOpe rentaHa nmpoBosH 
JlaCb HENOCpeACTBEHHO B COcyJle AIA OTOOpa mpo6 (pune. 1,3), Tak Kak nomMCeTH: 
pO HepacTBOpuM B TelitaHe, YTO 3aTpyuAeT OTOOP mpob u3 peaKTOpa B xox 
mpolecca MOIMMepHsallun. 

Ha puc.2 u 3 xpuspte JJ] noKasppaioT pacxox snruiistuna B xo 
Mpollecca MOIMMepHsalunM CTHpOla H M30NpeHa B IpHCyTCTBHH Terparuspo 
cbypana 1:5; xkpuBpe JV wna puc. 2 wu 3 coorsercrBeHHO NOKa3bIBalo” 
BEIXOA MoJMMepa. Kak BUAHO, BBeeHHe TeTparu~poypana MpMBOAUT K pes 
KOMy YBeCJIMYeHHIO CKOPOCTH MepBHYHOrO akTa MpHcOeMMHeHHA JMTHSTUN: 
K MOHOMEpy H COOTBETCTBEHHO CKOPOCTH BCero Mpolecca nomHMepHsalluHn 
O6pasyionlasca «KHBai> MOJMMepHad Welb COXpaHAeT CMOCOOHOCTb K JaJIb 
HeHIUeMy POcTy B TeYeHHe JVIMTeEbHOO MpOMeKYTKa BPeMeHH Noce NOmHOr 
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v3pacxOQOBaHHA JIMTHHSTHIa H MoHOMepa. Kak noka3aHO Ha puc. 3 (KpMBBIe 
V u VI), mpotlece nomuMepw3alun BOSOOHOB/AeTCH Cc MpexKuHeli cKOpocTbio 
IIpH BBeJeHHH pacTBOpa H380mpeHa i 

(20%) B rentaHe uepes 20 (kpu- 7o %, 
jpat V) 4 50 mun. (kpuBaa V/) 100, ey 

mocyie MOJIHOrO H3pacxOJoBaHua . 

|Me€pBOHAaYaIbHO BBeJeHHOTO MOHO- 
Mepa HH JIMTHHOTHUIA. 

_ Ws nowyuenxptx pesybraros 
icleyqyeT, 4YTO NepBHYHBIe aKTDI 
TIpHcoeAWHeHHA JIMTHHSTHIAa = K 
icTHpOJY H H30NpeHy mpoTeKalor 
MOcTeneHHO B XOfle BCero Hpo- 
wecca nowMMepHsauHuH. Iipupeyzeu- 
|HbI€e HaMH jJlaHHble OTHOCATCA K 
oO0acTH KOHUeHTpallun JHTHH- 
stuna 0,7—1 mon.% (mo orHoLie- 
| HMIO K MOHOMepy). CKopocTy mep- 40 60. 120. U0 OOmun. 
(BHYHOrO akTa TIpHcoequHeHHA UH 

|pocta Welw MOryT CyllecTBeHHO Puc. 3. Kunetuka nomumepu3aluu usonpena nox 
3aBHCeCTb OT CTeNeHH acCcOlMallunH  AeHcTBuem AuTuHeTua. Kunetuka pacxogla uTHH- 


quruiistuia. Wocnequas, Kak 9To = 271A (/) 4 kuHeTHKa MoMMepn3aunn (//) mpu 
10 NOJIMMepHsallHHM H30NpeHa B Macce MpH Temmepa- 
ycTaHoBseHo (*°), CHMKaeTCA C Type +24°. Kuneruka pacxoga autulistuaa (/1/) 


YMeHBUICHHeM KOHILCHTPpallMH M€- wv kuHeTHKa nOomMMepH3auuu (/V) npu momuMepn- 
TaIOOpraHuyeckoOro coeqMHeEHHA  3allHM pactTBopa usompewa (20%) B renTane B 
/B pacrBope. IIpHCyTCTBUM TeTparuApoPypana mpu Temmepatype 


es + 25°. KuHeTuka moslMMepH3alluH pacTBopa u30- 
KommulekcooOpasytoulve ,o0aB- mpena (20%) B rentane B apucyTcTBuu TeTparus: 


| KH (Terparudpodypan) MpHBOAAT podypana, BBeqeHHOrO B peakUMOHHYIO cpeny 
|K 3HAUHTeEJIbHOMY YCKOPeHHIO Mep- wocwe momMoro M3paCXOMOBaHHA JIMTMMSTHIa UM 
IBHUHOFO akTa IIPHCOCAMHeHHA JIM- = __. _ [voxomepa 


———————————————— 


iTHH9THIa K MOHOMepy HM K YCKOpeHHIO Bcero mMpolecca nommMepu3aluu. 


Kanuvectnto numuusmuna 6 pacmbope 
Gsixod nanumepa 
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XHMHA 


r. H. HHYKHWHH, B. J. BOPOBbEB u 4aen-Koppecnongzent A. J. METPOB 


CBOBOAHOPAAHKAJIBHOE MPHCOEXHHEHHE 
AJIKWJIBEH30JIOB K a-OJIEPHHAM 


Yruepoloposuble PakuKasl aludaTuyecKoro pala JlerkO NpHcoesMHAIOTCs 
kK OneduHaM (1). CBOGofHBIe paduKaJIbl aM HW OeHsH OOaqaloT UpesBbIyanHe 
HU3KOMH AKTHBHOCTbIO B peaKUMAX MpHcoeqMHeHHA HM S3aMelleHHA. Huskas 
peaKMHOHHaA CMOCOOHOCTh STHX pakuKasIOB OObACHAeTCA HHAYKIMOHHBIM CMe: 
U[€HHeM CBOGOAHOrO 3uIeKTpOHa B cTOpoHy C=C-cBxa3H WJM apOMaTH4eCcKOrC 
apa, T. €. «BTAHYTOCTbIO» CBOOOAHOFO dS/IeKTpOHA B OOMULyIO 3JIeEKTPOHHYK 
cucTreMy pajluKana B pe3ysbTaTe conpsxeHua (7). HanOonee xapakTepHor 
WIA pauKaJloB TaKOrO pola ABIAeTCA peakUMA peKOMOMHallMn. Becte c Ten 
OCHSHJIbHLIM paluKasl, OOpas0BaBlIvica MmpH pacnayle mepeKHCH TpeTH4HOrC 
6yTHIIa B TOYO, JerKO MpHCOeMMHACTCA K aHTpalleHy, KYMMJIbHbIM paluKas 
B TeX Ke YCJOBHAX K aHTpalleHy He MpHcoeAHHAeTCA, a PeKOMOMHUpPyeT EF 
2,3-2uMeru-2,3-qudenun6ytan (*). Wmeerca ykKa3aHHe, 4TO STHJIeEH MOKel 
BCTYMaTb B peaKIUHIO TeJlOMepH3aluH Cc TOJYONOM mpH Temnepatype 260°. 
TapseHuu 140 aTM. MpH HHUWMNpOBaHHH Mmpollecca ruApomepekucbilo KYMOJE 
(*). OgHako cocraB OOpa3yrollelica cMecH aJIKHIOeH3OJIOB H MX CTPYKTYpé 
HcCJIelOBaHbl He OptIM. B HacTOAlleH paOoTe Mbi MocTaBMJIH Nepel coOou 3aza: 
Uy H3YUMTb BO3MOXKHOCTH IIPHMeHeEHHA peaKUMH CBOOOAHOpasuKaJIbHOrO MpH 
COeqHHeEHHA HM TeOMepH3alHH [VIA CHHTe3a aJIKWJIapOMaTH4eCKUX YrweBOLO: 
pOWOB, MpHroHEIxX JIA MOJYYeHHA MOBePpXHOCTHO-aKTHBHbIX BelleCTB THMé 
AJIKHJIOeH3OICY IbPOHATOB. Bpwio ycTaHOBJIeHO, YTO TOYO, ITHMOeH30/, KYMOW 
A-KCHIOJ! WM &-MeTHJIHadTaJIHH CNOCOOHbI NpHCcOeMHATLCA K a-ONec~HHAM MIpk 
Temnepatype 150—160° nog JelicrBuem nepekucu TperuuHoro 6yTuusa. IIpo 
AYKTbI peak WOyuatoTcs c BEIxoqamMH 10O—15% B pacuere Ha B3ATHIM Oe 
gun. B ta6n. 1 mpuBeseHbl KOJIM4eCTBa B3ATHIX B PeaKILMIO KOMIMOHCHTOB I 
MepeKHCH, a TakoKe BbIXOJbl HM CBOMCTBa MpOAyKTOB npHcoequHeHuA. Hapagy 
C peakl{veH MpucoeqMHeHUA, OUeBHAHO, MpoTeKaeT peaKkIHA 3aMelleHHA CBO 
OOHBIMH PawuKasaMH %-BOJOpOAHOrO aTOMa B OsedpHHax. O KOHKypupytoulel 
peakWHH 3aMelleHH MOXKHO CyAUTb 10 OPOMHLIM UMCaM, KOTOpHie Obi Ompe 
AeeHb! Wik HEKOTOPHIX M3 MOJYYeHHBIX MmposyKToB. Ha ocHOBaHHH OpOMHBI? 
yNcedl COJlepkaHHe HelpeAeIbHbIX B MpOykTaxX MpHcoeqMHeHUA K Ose*bHHan 
Tosyoa cocraBseT 16—19%, arum6eH301a 28%, n-KcunoONa 4—6%, a-MeTuuI 
HapramuHa 50%. Bo Bcex onpitax Obi BbIJeeHbI, KpOMe TOrO, KpHcTa/M 
yecKHe MpOXyKTbl AMMepv3allun CBOOORHEIX paluKasoB — quOensuun; 3,4-2M 
cbenuOytan; 3,4-qumetus-3,4-qubenum6ytTaH; M-n-KcHIMa. 

H3yuaa B3sauMogelicrBue 2THJIeHa C TOJIYOJIOM, MHUIMUpyeMoe mepeKUcbK 
TpeT.-OyTua mpH 200—220° nu 140 arm, Mbt ycraHoOBMJIN, 4TO B STHX YCNOBHA! 
MpoTekaeT peakIMA TeMOMepHsalluH, B pe3yJIbTaTe KOTOPOH OOpasyloTcA MO 
HOaIKHOeH3OIbI. OOpasyloulweca NepBble WieHbI TeOreHTOMONOroB (mpomHu 
SeH30/1, aMUJIOCH3OI HM T. J.) MOFYT, B CBOIO ONepellb, CIYKUTb TeOreHaMu 
uTO BeeT K OOPasOBaHHIO BTOPHUHIX HM, OYeBUAHO, TPeTHYHBIX aJIKHIGeH3O 
0B. M3 peakWHOHHOl MaccbI neperoHKOli yanocb BbIJeAUTb MATS HHIMBU 
AYANbHbIX YreBOLOpoRoB (Taba. 2). Burenenue Gonee BeIcoKOMOeKY AAP HE 
AJIKUJIOCH3OIOB 3aTPyAHeHO, TaK KaK C BOSpacTaHHeM MONeKYAAPHOTO Bec, 
BOspacTaeT YMCIO OH3KOKMMALLMX W30MepoB Mu romovoros. B ta6n. 3 mpH 
BefeH (PpaKIMOHHBI COCTaB peaKIMOHHOM Macchi Hoce BHIeeHHA H3 He 
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Taunt a 2 


* 


M Kosnue- 1s 
9 Bop . cTBo rpynn| 5 3 
f 20 20 < 
ah Auxun6en307 5 q, Nn eg 
3 Haliy.| BbIU.| & ea (GHea| CH) aie 
o os 
__ Be ee Se ee eee 
156 
4 C,H;—CH2,CH.2CHs 453—15410,8616}4 ,4906) 40,38] 40,40} 95 100 23 4 71 
CH,— CH | 23 
2 |¢.H,—Ch7 ie. s 189—19010,8610|1,4873] 49,55] 49,69] 95 | 200 2 | 2°) 
Scns CH? ; 
4h 
3 C,H;—CH,CH.CH2CH.2CHs; 496—199|0,8576|1,4880] 49,79] 46,69] 240 100 4 4 Z 
4 C,H;—CH—CH,CH,CH,CH,! 248—220]0, 8563/4 ,4845] 58,96] 58,99) 240 | 200 4 Pp a 
CH i 
| 
vat 408 
5 C,H,—(CH:),—CH, 242—24410, 8559/4 , 4851] 59,06) 58,99} 390 100 6 4 8 
Ta6nuua 3 
a 
i Z KowuuectBo 
z rpynn . 
S IY, eons, 20 20 anes Ws el aes we BIXO], 
& °C/mm pt. cr, | Mos. Bec dy 0) dpakunit * 
2 e’ e” CHMIIGH: 
3 
27 
4 100—112/0,5 209,4 0,8628 1,4864 300 218 5 2 OE 
57 
2 112—126/0,5 224,7 0,8604 1,4845 400 237 6 2 ae 
hs 
3 126—152/0,5 248,8 0,8612 1, 4848 480 250 vi 2,6 — 
4 152/0,5—160/4 209 0,8606 1,4839 590 238 8,5 Ze 2s 
5 160—170/1 295 ,8 0,8633 1, 4833 690 304 10 3 2 
6 470/1—180/2 321,2 0,8597 41,4820 815 325 GE 5) 3 = 
7 180—1 85/2 326,3 0,8595 1, 4820 785 308 41 3 =. 
8 485—1 90/2 336,38 0,8588 41,4812 855 314 12 3) a 
9 190/2—200/4 351 0,8589 1,4812 885 320 12,6 3 7 
40 200—210/1 392,2 14,4810 4000 307 44 3 = 
14 210—240/1 434,7 4215 443 17 4 as 
OctaToK 876 2830 690 38,5 1633 se 


* B ta6a. 2 u 3 BbIXO_ Hag YepTOl B rpamMMax, NOx uepToH B mpomeHTax. 


TenTHAOeH30/Ia UH HWXKeKMNAWMX MpoxyKTos (Ta6m. 2). Tlocne Bulenenua us 
peaKUHOHHOM Maccbl HHAMBUAYaIbHbIX aslKuIOeH3ON0B (TaGn. 2) HM BBILIeKH- 
NAWLUX PpakIMH, MepeuMcJeHHEIX B TaOJ. 3, Obi MONyYeH TBepAbI npoOLyKT 
(OcTaToK), NoxoxKu Ha napaduH c 7. mi. 45—46° nu cpequum MOJICKY JIA Pp HbIM 
BecoM 876. Jlia mnpofyKros cBoOoxHOpasuKabHOrO npHcoeluHeHUA UH mIpo- 
AYKTOB TeOMepH3al\HH ObIIH NMOTy4YeHbI W.-K. cneKTpbi. Ilo uHreHcuBHocTH 
nomoc 2930-5 cm (8’) n 2960-++5 cm! (8”), coOTBeTCTBYIONLMX BasleHTHEIM 
aCHMMCTPHYHBIM KONeOAHNAM B rpynmax CHe u CHs, Onin0 onpelleneHo yHcIO 
STUX Tpynl B uccwekyeMbIx OOpasitax. Mexyy e” u uncom CHs-rpynn Ha6ui0- 
HaeTCH NpAMaH MPOMOPWUMOHAabHaA 3aBHCHMOCTb, Mexyy & wu uncom CHoe- 
Tpynl MpAMad MpONOpWMOHaIbHad 3aBHCHMOCTbh HaGwoLaeTcA pH nos. 
Bra6n. 1, 2 1 3 npupegzenn Benuunnp &’ ue” H COOTBeTCTBYyIOWHe HM 4NCIa 
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CHe- u CHs-rpynn Win Kaxkjoro ucclexyemoro oOpasiia. Cpequaa ommOKa 
H3MepeHHli ~3%. OnpeleeHve u3MepeHnit Ono mpopegeno E. JI. Jly6yx. 


OIKCNepHMeHTAaAIbHAA Usa 5 


IIpucoequnHenHue aakKua6eH30N70B KaonebuHam. Bee 
peakWHH NpHcoe{HHEHHA MpOBOAHJIMCb B CTaJIbHOM aBTOKJaBe eMKOcTbIO 200 mi? 
-mpu 150—160°. Tlepexucb qo6aBianacb nopiuamn no 2—2,5 r uepes mpu6au- 
| SHTCIbHO paBHble MpOMeKYTKH BPeMeHH B OXJIaKJeHHBI aBToKaB. IIpuBoqum 
onvcaHve OAHOrO H3 OnbITOB (onbIT Ne 6, rab. 1). Cmecb, cocrosmjaa v3 115 r 
(1,1 r-moua) n-Kcwsona, 18 r (0,2 r-moma) rekcena-1 u 3 r nepekncu HarpeBa- 
Jacb B aBTOKJIaBe B-TeYeHHe 6 uac. OctabHbre 16 Fr nepekucn, 0OaBsIANHCb 
NOpuHAMH no 2 r yepes 5—8 uac. IIpu meperonKe “3 peaKIHOHHOM cMecH ObIVIO 
BpigeneHo 10 r (0,05 r-moa) n-merHurentus6eH3oa u 14 r (0,07 r-mona) H-n- 
KCHJOIa C T. MW. (MOcue NepekpHcTaM3alHAH W838 cmupta) 82—82,5°. Cogep- 
*KaHve HeMpeebHIX B f-MeTHJFenTHIOeH30JIe, PaCCUHTaHHOe MO OpOMHBIM 
yucslaM, cocTtaBHio 6,09; 5,05%; paccuuraHHoe mo HosHEIM uncnamM 4; 4,5%. 

TetoMepu3sauua 9THNeCHA c TONYOMOM. Peaxunu npo- 
BOXWJIMCb B CTaJIbHOM J[BYXJIHTPOBOM aBTOKJIaBe, CHaO2XKeHHOM MellaJIKOM, 
pH Temnepatype 200—220° wu napseHuu stuneHa 130—140 am. B oxsax- 
ACHHBIH JIbJOM aBTOKJiaB 3arpyxKasocb 640 r (6,25 r-mMoma) Touwyola uM MO,a- 
BaJICA STHJI€H NO JaBseHHem 40 atm. AprokslaB HarpeBasica Jo 220°, qaBmenue 
nowuuMasocb Wo 140 arm. Ilocne storo B peakWHOHHYIO Maccy MpH mepemeln- 
BaHHH BBOLMICA pactBop 9 r (0,06 r-Moa) NepekHcH TpeTHUHOTO OyTHsa B 
40 mia Tomnyona. HarpepaHHe aBToKJaBa mpoflomKaocb eme 10 yac., nocwje 
¥cro OT peaKIMOHHOH MaccbI OTTOHAJICA Toyo. Brio nojyyeHo 89 r 6onee 
BbICOKOKHNAWero OctaTKa. IIpu yBenMueHHH KOIM4eCTBa BBOJMMOM mepeKHcH 
YBeJIMUMBaeTCA KOJIHYeECTBO OOPa3yIOWMXcA MpOAyKTOB TezoMepu3aunHn. Tak, 
‘Up ucnom30pannn 10, 20 u 30 r nepekucn (BBO,HIMCh NOpuNAMH no 5 Pr) 
‘mosyuaetca coorpetcTBeHHo 110, 163 u 200 Yr BercokoKkHnalHxX MpOxyKToOB. 
|BpicoKOKMNAlMe BelllecTBa, MOJyYeHHbIe B AeBaTH omnpitax (1100 r) pas- 
\WeIaJIMCb BHa¥asle MpOcToH neperoHKOH Ha TpH wWupokve dpakuyHn: A —c 
|T. kun. Zo 260° — 286 r (26%), B —c 7. kun. 260 (760 mm) —290° (2 mm) 542r 
((49,3%) u B — ocrarok (TBepAbIi) 268 r (24,4%). Ppaxuua A meperonanach 
jHall MeTaJlIMYeCKHM HaTpHeM, MpH 9TOM Oplwio nowyyeHo 273 Tr OecllBeTHOH 
pOspauHOl w2KuUAKOCTH, KOTOpad (bpakUMOHMpOBasiacb Ha KOJIOHKe. IIpu nepe- 
ITOHKe Ha KOJIOHKe ObIVIO BbIAeJIeEHO NATb HHAMBHAYAaJIbHbIX aJIKHIOCH3OUIOB, 
jOUHCTKa KOTOPHIX OT MOfMecelH MNpOH3BOLMach XpOMaTOrpadupoBaHHeM Ha 
\KOJIOHKe, 3arlOJIHeHHOM cuuMKareleM. B ta6. 2 mpHBeyeHbl CTpyKTypbl H 
icBOHCTBa STHX yrueBozopozoB. KomuuectBa HX yKa3aHbi Oes yyeTa NpoMexy- 
TOUHBIX (bpakiMi, Bec KOTOppIX cocTaBHy 82,7 r. KonuuecrBo renruiOeH301a 
icyMMapHoe u3 cppakunu A (271r) nus dpakuunu 5 (81 r). ®paxuua B neperoukoi 
Hay HaTpHeM pa3emasacb Ha OOulee y3kHe (pakUMH, CBOMCTBa, MOJIeKy APH 
BEC H KOJIMYECTBO KOTOPHIX TIpHBeLeHb B TaO. 3. BprcokOMOJeKyJIApHbIe Mpo- 
DLyKTbI TeoMepHsalluN (ppakuua B u 601r ocrarka, nouyyeHHOrO Np Meperon- 
e dpakuuu B) umeanu vr. na. 44—45°, Monekysspupr Bec 876. Ilo JaHHpm 9aue- 
MeHTapHoro aHaJiv3a cOJjepxaHvwe B HUX yrvlepoqa, CocTaBsAeT 86—43.%, 
Bolopona 13,58%. Y.-d. cnekTp CBUJeTeIbCTByeT O HaJIMYHH B STHX MpPOLykK- 
raX.apOMaTHUeCKHX KOVJelL. 


VuctutyT oprannuecKkol XHMUH- Tlocrynuuo 
sAkayemun Hayk CCCP 4 XI 1959 
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XHMHA 


B. A. MAJIbM u M. TI. XbIPAK 


ACCJIEMOBAHHE POJIM IPHPA B PEAKILHH OBPASOBAHHA | 
PEAKTHBA FPHHbAPA | 


(IT pedcmaenexo axacdemuxom B. H. Kondpameesoim 10 X 1959) | 


Tipo6embl KHHeTHKH M MeXaHU3Ma peakuuH OOpas0BaHua MarHMiopraHH-) 
YeCKUX COCAMHEHMM PaCCMaTPHBAIOTCA B OTHOCHTEIbHO HEOOJIbLIOM KOJIMYECTBE| 
paoor (!-°). YcranopieHo, YTO 5Ta peaKIMA UMeeT LeMHOM MeXaHH3M (“39 
¥ UTO CKOPOCTb peaKIMH, Mocsle JOCTHKeHHA CBOETO MAKCHMAJIbBHOrO SHaYeHHA, | 
NIpaAMO MpoOnopuvoHabHa KOHWeHTPallHu 
aIKurasiorenula W BelwuuHe MOBepx- 


{0 
' noctu Maruus (*) . UmMeetca TakxKe yka3a- 


HHe Ha TO, YTO HaOwOaeMbIli MHLYKIUMOH-| 

18 HIM MepHol 9TOH peaKIMH MO*KeT ObITH! 
3JIMMHHMPOBaH, eCJIH OCYLIeCTBHTb ee B 

$06 % cpefe, re Hesafouro Jo sTorO yxKe Mpo-| 
& } N pearHpoBasia C MarHveM oOfHa MOpWHA. 
SJ JR aikusrasorenuga (*). Sto aBeHHe OObSAC- 
 S 14 4% HeHO HCXOA U3 MpeqNosowKeHuA, ITO Ha- 
Ss 78 JIM4uve MHAYKIMOHHOTO Mepvoga BbITeKaeT 
s 8 U3  HeOOXOXMMOCTH I1pelBapuTesIbHOU 
R fe 2 S OYMCTKH MoBepxXHocTH MarHusa. Takoe xe 
5° 13 WeHcTBue MpvlucbiBaeTca Hoy B Ka- 
ne g yecTBe aKTHBaTopa, WocKobKy MNocuJesl- 

2 ¢ G 8 @ lemun. HHH He BJIMACT HA CKOPOCTb peaKkKIHu 

mocJle HACTYIWJICHHA MAKCHMYyMa CKOpocTH, 

Puc. 1. PacrsopuTenb — a6c. pup, HH- @ TOJIbKO YKOPa4HBaeT HHAYKIUMOHHBIN 


KYKUMOHHBIM MepHok He SHMMHHpPOBAaH. 
CIVIOUIHbIe IMHUH — KHHETHUeCKHeE Kpu- 
BbICc, IYHKTHPHbIe  sHHAM — COOTBET- 
cTBylollue TepmMorpaMMp!. / — Temmepa- 
Typa 20°, ucxoqHad KOHUCHTpalun Gy- 
TuIOpomuza 0,5 Momb/1, HaBeCKa MarHHa 
1,5 r; 2—20°, ucxoqnaa KOHWeHTpalna 


nepHon (1, *). 

VissectHo, TO CKOpOCTb H CaMa BO3- 
MOXHOCTh IIpOTeKaHHA peaKIMH MexKLy 
MarHHeM HM aJIKWJIraJiOoreHuyaMu B CHJIbHOM 
CTelleHH 3aBHCAT OT NpHposb pacTBo- 


6yTuOpomuya 0,2 momb/1, HaBeckKa Mar- 

nua 1,5 r;3— 15°, ucxoqHad KOHUeHT- 

pauna OyTum6pomuga 0,2 mombfa, na- 
Becka MarHua 4,0 7 


putena (1). Heo6xoqumo, uTo6ni pacTBopu- 

TeJIb obanan HeloeJIeHHOH 9JIEKTPOHHOM 

napo. 
Hamu 


Oblla HCCeqOBaHa KHHeTHKa 
peakiMH Mexkiy OpomMucTHIM OyTHJIOM 
M MarHveM B cpeyle a0c. apupa u B cMecsaxX a6c. stupa c H-reKcanom. O6a pac- 
TBOPHTeIA ObWIM MpeLBapHTeJIbHO TUaTeJIbHO OUMULeHBI VM BEICYUIeHLI. Jina 
KOHTPOJIA 34 XOJOM peaKUMH Obl MCMOMb30BaH TepMorpaduyecKui MeToy. 
[lo TepMorpaMMaM BEIYHCAMMCb COOTBETCTBYIOMMe HM KMHeTHUeECKNe KPHBBbIE 
B KOOPAMHaTax CTeNeHb NpeBpallleHua — Bpema. 
Bp. MpoBeyeHbl 1Be Cepuu oMbiToB. B nepBolt cepuv HHAYKIMOHHBIM llepHop 
He 9JIMMMHUpOBacH. TepMorpaMMbl HW MostyueHHble MyTeM ux OOpa6oTKH KuHe: 
THYeCKHe KPHBbI€ MMeIOT B STOM CJly¥ae XapakTepHblii WIA MaHHOH peakUMU BUN. 
Buagasie uMeeT MeCTO HHLYKUMOHHBIA NepHog, B TeyeHne KOTOpOrO He yyaeTcs 
YAOBUTb HUKAKMX MPUSHAKOB MpOxomeHuA peakuHH. SaTem ceqyeT S-o6pas 
HbIM y4aCTOK KHHeETHYeCKOM KPuBOH, KaveCTBeEHHO HaMOMHHAaIOllui aBToKaTa: 
AMTHYECKYIO KpuBylo (cM. pu. 1). 
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Bo Bropol cep OMbITOB MHAYKUMOHHEIM Mepvoy S1MMuHUpOBasicA NyTem 
NpOBeeHHA peakUMH B Cpefe, rae yKe MpopearupoBana ofHa NopuuA OyTHIOpo- 


MHja (pue. 2). 


@opMasbuble KOHCTAHTHI CKOpOCTH Ay,B CYUae 9IMMUHUPOBaHA MHLYKIOH- 
HOrO Nepuvosa B abc. supe, MOM ObITb BLIUHCJIEHLI MO OObIYHOMy MOHOMOVIeKy- 


JApHOMy 3akony. B Wesax pacueta 


KOHCTAHTLI CKOPOCTH NIpH Hallet 10 


MeTOJHKe SKCIeEPHMeHTa MOXKHO 
BOCIIOJIb3OBaTbCA TakxKe BeJIMUN- 
HaMH, XapaKkTepH3ylolluMu cKo- 
pOcTb peaKIHH HM CTeleHb Mpeppa- 
IWe€HHA B TepMH4YeCKOM MaKCHMyMe 
peakluu, re CKopocTb BbIJeIeHuA 
Tella, IpOMOpWHOHaIbHaA CKOpO- 
CTH peaKIMH, paBHa ckopocTu 
OTBOJa Tella 34 CueT OXJlaxKJe- 
Hua. BoruciieHHble TakuM oOpa- 
30M 3HAUe€HHA KOHCTAHTbI CKO. 
poctu k, xopollo copmayawT ¢ 


S 
gp 


s 


Cmenews npedpaujenusa 


PpaCCUHTaHHbIMH H3 KHHETHYeCKHX 0 


KPHBbIX HOO MO MOHOMOJIeKyJAp- 
HOMY 3aKOHY, JIMOO H3 HavaJIbHbIx 
cKopocteH peakIHH. 

IIpH nmpopezeHuu peakuuu B 
a6c. adupe TepMorpaMMBI uMesIN 
Bcera OJMH MakcumMyM. B cme- 
CcAX ac:upa Cc A-reKcaHOM HaOuIO- 
Jlasocb 2 HIM, Mpv OObLIMX KOH- 
WeHTpaluAxX AH-reKcaHa, 3 MaKcn- 
myma (puc. 3). IIpu nepexoge 


Ss 
So 


~~ 


OT OJHOTO 


2 if 


sa SY SS TENE as 
PasHocine memnepamyp 


fF RES NG RTO Sa. 


Puc. 2. PacrBoputenb — a6c. scup, HHyyKUHCH- 
HIM MepHOJ OIHMMHMpoBaH. Temmepatypa Tep- 
mMoctata 20°. 
THA6pomMuya 0,2 mont/n, HaBeCcKa MarHHA 
2— wcxomnaa 
0,2 mont/n, 

1,5r; 3— ucxoquan KonuenTpallua OyTHIO6pomuza 


KOHUeCHTpalHa Oy- 
1,5. 05 

KOHICHTpalln al 6yTHIOpomuya 
HaBecKa MarHHa (cBexKasa nopuna) 


J — wexonHaa 


0,1 moubf/m, Hapecka maruua 1,5 r 


MaKCHMyMa K_  CJle€fiyIOuleMy 


MO HallpaBJIEHHIO OCH BPCMeCHH COOTBeTCTBYIOWaA KOHCTAHTAa CKOPOCTH k, 


(0 


G6 


7d 


oy 


$46 aS 
S 58 
S04 48 
a N 
- leds 
$92 2§ 
N is 
&§ / ees ae & 


+246 8 10 f2 4 16 16 2 Zeman 


Puce. 3. PactsopuTremb — cmecb 9Stpupa Cc reK- 
caHoM, TemmepaTypa Tepmoctata 20°. J — 
KOHLeHTpauna adupa 50 mon. %, ucxoqHaA 
KOHUCHTpallua OyTunOpomuya 0,2 moab/n, 
Hapecka Maruua 1,5 r. MuqykUMOHHbIH nepHoy 
SJIMMMHMpOBaH; 2— KOHUeHTpallua ascupa 
25 mon. %, UCXO{HaA KOHUeHTpallua Opomuya 
0,5 Momb/, HapecKa MarHua 4,017 


3aMeTHO BO3pacTaua. 

Bo3MO%KHOCTb 93JIMMHHHpOBaHHuA 
HHAYKUMOHHOrTO) §=fepvoga noKasbi- 
BaeT, ITO MOCeHHH He CBA3aH He- 
OOXOJHMBIM OOpa30M Cc MeXaHH3MOM 
peaklluH, a ABJIAeTCH pe3yJIbTaTOM 
BO3eHCTBHA YCTPaHMMbIX TMOOOUHbIX 
cbaxtopos. Tot dakt, uTo mpu 9duH- 
MHHMpOBaHHH HHYKUMOHHOrO Nepu- 
oa 3aMeHa yKe yuacTBOBaBlleH B 
peakIHu MOpuMH MarHuA Ha CBexKyt0 
pakTuyecKH He BJIMAeT Ha BU KH- 
HETHYeCKOH KPHBOH HU CKOPOCTb pe- 
AKIN (pvc.2), MO3BOJIA€T 3aKJIOUNT, 
TO HaIMUNe HHAYKIUMOHHOrFO Mepnopsa 
He CBA3AHO C HEOOXOAHMOCTHIO Mpel- 
BapHTeJIbHOM OUHCTKH NOBepXHOCTH 
MarHud. YKa3aHHOe OOCTOATEJIbCTBO, 
a TaKKe BH KHHeETHUeCKHX KDPH- 
BbIX (lpakTHYeCcKoe OTCYTCTBHe IIpH- 
3HaKOB peaKIHH B TeyeHHe HHAYK- 


WHOHHOTO nlepuona) NOSBOJIAIOT CieaTb BbIBOX, YTO HaJwane UWATYKUHOH- 
HOTO TepHOfa CBA3aAHO C BO3JeHCTBHeEM MOLLHOTO uHrHOuTOpa, IipHCyTCT- 


BylolllerO B peaKIMOHHOH CMeCcH. 


Baarojapsx cBoeH Oojblwoh peakIHOH- 


HOH cnoco6HocTH, TaKOM HHTHOUTOP «BbIaBJIMBaeT» BCe CBOOOHbIe palvKavbl, 
KOTOPbl€ BOSHUKAIOT B pesyJIbTaTe peaKUMH MHHUMMpPOBaHHA Welle. B pesywb- 
TaTe 9TOrO WeMHad peaKUMA He MOMKET PasBUTbCH, MOKA MpaKTHYeCKH BeCb 
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HHTHOUTOP He TpopearupoBad c pafuKaJlaMH, KOTOPbiI€ BOSHUKAlOT 34 ag 
peakUMH WHMIMHpOBaHHA. ONMMHHHpOBaHHe HHAYKIMOHHOTO mepvoya CBO 
jluTca K yanenuio uHrHOuTopa. IlponopunonalibHOCTh CKOpocTH peakuwH 
KOHUeHTpalluu SyTHOpOMHAa B STHX YCJIOBMAX yKa3bIBaeT Ha TO, UTO AWIHHa 


peaKIMOHHBIX Werle Np yCOBAN OTCYTCTBUA MHTHOUTOpa He 3aBHCHT OT Tsly- 
6uHbI WpoTeKanua peakuuu. Hasu- 


Ta6auuat  yye HeCKOJIbKUX MaKCHMYyMOB Ha Tep- 

PactBoputemb — a6c. apup. OG6sem pactBopa MOrpaMMaXx B CJlydae TMIpoBeyeHHA pe- 

40 ma. Temneparypa Ttepmoctata 15,0° aKkiluu B cMecH s*pupa Cc AN-reKCaHOM 

>  MOXKHO OObACHHTh MIpHcyTCTBHeM B 

Me le eit ee aes =  H-TeKCaHe HeECKOJIbKUX MeHee aKTHB- 
6yTuu- , ceK 5 | 2 

6pomuga, | ("aBecKa | (cpegnee |gmg 1° |Z 9.  HbIX HHTHOHTOPOB, KOTOpble YMeHb- 

ih ae Se Z52 war qiuay Welle 3a cueT peakuuH 

co cBOOO,HEIMH paguKasamu. Ilo- 

0,2 1,5 4,9 3.3 | 9  9TOMY B WeJIAX BLIABIeHHA POJIM 

0,2 4,5 14,1 31 | 2 supa B usydaemoi peakiMH MOryT 

0,2 9,0 28 3,1 | 1  6bITb HCMOb30BaHbI JIMUb 3HAadeHHA 


KOHCTAHTbI CKOpOCTH B TOCJIe_HeM 
TepMMYeCKOM MaKCHMyMe, Kora BCe HHrMOUTOPH! yclesHM y2Ke IpopearupoBarb. 
TlocuieqHee O6ecneyHBaOCbh TakK%Ke yYBeEIMYeHHeEM B STHX Cy4aAX MCXOMHOM KOH- 
WeHtTpauun OyTHIOpomuya. 

Hamu Obiio MpoBpepenoO HaJIMYHe NpOMOpUMOHAMbHOCTH MexKALY CKOPOCTbIO 
peaKUHH H BeJIMYHHOH MOBepXHOCTH MarHua, KOTOPad MpHHUMaJlacb Mponop- 
IMOHAJIbHOK B3ATOH HaBecke Maruua. CooTBeTcTByloulve JaHHbie MpHBeeHbl 
B Ta6n. I. 


Ta6OaHna 2 
O6bem pactsopa 40 ma. Temnmepatypa Tepmoctata 20° 


Tlopsaakoppili 
Vcx. KOHL. : HOMEP R1-10° KounnuectBo 
N < 5 b 
eyruabpemia,| — &Mg, * a ae 
rpamme 

OME ee OR aD 4,00 4 440 The ah 

0,2 "0,5 ees) 4,00 4 159 Dae) 3 
Qi iho) 0,50 4 HE) i ih 
0,5 Sy) 0,50 2 9,4 Dy ? 
Oo 3), 0,25 3 LES Byal 2 
2,0 eo) 0,40 3 3,8 D4) a) 


* WuyKUMOHHBIN MepHoyx 3IMMHHMpoBaH. 


B ta6a. 2 MpHBeseHbl NomyyeHHble HAMM JaHHble 3aBHCHMOCTH KOHCTAaHTHI 
ckopocTH Rk, OT KOHWeHTpalun adupa B cMecax scup—H-rexcana. B ta6m. 2 
MPHBeeHbl 3HAYCHHA KOHCTAHTHI ky, paccuuTaHHble Mo Popmyvie: k,= k,/gmugN., 
rae N.,— MOouJApHad fod stupa B cMecH adup—Hv-rekcan. Tloctosuctso k, 
ykasbilBaeT Ha TO, YTO CKOPOCTb peaKUHH MpOMOpuvMOHatbHa KOHWeHTpallun 
supa B NepBok crenenu. M3 sToro cnenyeT, YTO MOpAZOK peak paBeH TpeM 
WH CKOPOCTb peaKUMH paBua: 

v= ksSmgN3(Q,H,Br], (1) 
re Smg — sPeKTHBHaA MoBepXHOCTh MarHua (MpuHATO, UTO Sg = &Mg)- 

Buipaxkenue (1), pasymeetca, He MpHMeHHMO JWIA ONMCaHUA CKOpOCTH peaKk- 
WH BO BpeMA MepHola HHAYKUMH BIVIOTb 10 JOCTHKEHUA MaKCHMyMa CKOpocTu. 

E]MHCTBEHHO BO3MOxXKHAM, Ha Halll B3ITIAL, CXeMa Jit MeXaHH3Ma peaKIMn, 
43 KOTOPOrO BBITeKaIOT BCe BbIllleyKa3aHHble OCOOeHHOCTH H3y4aeMOl peak- 
UHM, MOXKeT ObiTb 3allvcaHa B CyeqyrOuleM BUJe: 


ke 
1. CyH Br 4 Me = Gg s-e MeBE 


Ry F 
Dine (Gybliy ncts Mig ses e@EiNios 


— 
to 
So 

Nm 


2 ky ‘ 
By C,H)Mg + :S —— C,H Mg . Ss. 
: Ry 
4. CyHoMg: S + C,H yBr—> CyHgMgBr +: S + CaHy-, 


: Rs 
On C,H Mg ——> X, 


‘ he 

6. C,H oMg aa :i—— Y, 

rye: S — sup; :i — akTuBuplit uaru6utop. 

Peakuua | MHMUMMpoBanHA Wel ABJIAeTCA MeJVJICHHOM, JIMMATUPytollleli CKO- 
pocTb cTaMeH; peakituu 2—6 oTHocuTebHO OnIcTpHl. PasBuTue WuKIa WenH 
(peakuun 2—4) .mMuTupyetcs Konkypentuelt Mexy peakilveH 3 H peaKILHAMH 
5 u 6. OOpEIB Wene Mpoucxo_UT MpakTu4ecKu JIMIb H3-3a ru6enH palukaoB 
C,H,Mg, koropas wacTymaeT B pe3yabTaTe «HopMasbHoliy peakiuu (°) oOpEIBa 
Well MH peakuuu 6, B KOTOpoH NpHHuMaeT yuacTHe akTUBHEI HHTMOuTOP. Pomb 
apupa 3aklouaeTCA B TOM, YTO OH JaeT C paguKanamu C,H,Mg xKommueKcbi 
C,H Mg : S, Koroppie JlerKo pearupytor c OpomuctTsim OyTHJIOM, B TO 2Ke BpeMs 
|MpakTHuecKH He IPHHHMaA yuacTHA B peakUMAX OOpbiBa Wenel. Ecum npuusAT, 
YTO Ug>>Us, Ugs>U3H Uz3>>U;, TO U3 CXeMbI 1—6 BbITeKaIOT KAYCCTBEHHO PvlaBHble 
KCHePHMeHTaIbHO HaOwOaemMble OcOGeHHOCTH u3ydaemoH peakuuu. Kune- 


‘THYecKoe udepeniMalbHoe ypaBHeHHe 3alCbIBaeTCA Tora CeLYIOMM 
00pa3om: 


j— d[C,H,Br] / dt = Rykg {Rs + Re ({i]>— RiSme [CaHgBr],¢)}" - SmeN > [CyH,Br], 
SCCM 


<x [to / kiSme [CsHgBr]), 
=e d [C,H,Br] /dt (RR / Rs) $ Smug (C7, Bile 


tS [t]y / kiSmg [CaH Br], 


irge [i], u [C,H ,Br],— ucxoguble KOHUeHTPallun uHTHONTOpa u OyTHAOpoMuga, 
if — Bpema. 
KuneTuueckve KpuBble, Moulyuaemble MyTeM MHTerPHpOBaHuA 9TOTO ypaB- 
(HEHHA HW NMOACTAHOBKH pa3yMHO NMomoOpaHHblX 3HaveHHM BXOJAWIMX B Hero Mapa- 
jMerpos, lO CBOeMY BUY aHaJIOTHUHbI SKCMEPUMeHTAaJIbHO MosyueHHEIM. Mcxona 
(M3 CKa3aHHOTO, KaTaJIMTM4YeCKad AKTHBHOCTb JH9ITHIOBOrO S*upa B peakWHu 
joOpa30BaHua OyTHAIMarHuhOpomuya u3 OpomuctToro OyTHa H MarHHsA olpere- 
jistetca ByMa daktopamu. Ilepspiii u3 Hx — 9TO «KMHeTHYeCKaA OCHOBHOCTH» 
\(HyKseousbHOCTb) scpupa, OT KOTOPOH 3aBHCHT CKOpocTb peakilMu 3 uM AHA 
jueneii. Broppim dakTOPOM ABJAeTCA NOBbIWWeHHAA PeaKUMOHHAA CIOCOOHOCTh 
ikomneKca C,H,Mg : S, o6ecneunBatoulad NovlowKenve, pH KOTOPOH KaxkypIii 
jTaKolt KOMIIeKC pearupyeT TOJIbKO C OpOMHCTHIM OYTHJIOM, BCJIeACTBHe 4ero 
HU, = Uz. Bo3MOxXHO, UTO PeaKIHOHHaA CMOCOOHOCTb STOO KOMMJIeKca CBA3aHa 
lc TePMOAMHAMMYeCKOH OCHOBHOCTbIO acupa. 
Uto KacaeTcA MpHposb! HHTMOUTOpa, OTBeETCTBeEHHOrO 3a MHAYKIMOHHbIM 
IMepHo, TO Ha OCHOBe MMEIOMIMXCA aHHbIX 3TOT BOMpoc He MOxXeT OpiTb pelllen. 
€ HCKJIOUeCHA BOSMOXKHOCTD, UTO B KaveCTBe TaKOBOFO MOryT BbICTYMUTb CueQbI 
]pacTBOpeHHOrO KUCMOpOa, OCTaBLUIMeCA B PeaKIMOHHOH CMeCH, HeCMOTPA Ha 
0, UTO BCe 9KCIMePHMeHTHI MpOBOAMJIMCb B aTMOcdepe a3orTa. 
JapTyccKuli rocyjlapCTBeHHbIH Ilocrynua0 
yHHBepcuTer 7 X 1959 
LIMTUPOBAHHAH JIMTEPATYPA 
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XHMH} 


HW. B. CMMPHOB-3AMKOB u I. A. MHCKOBHTHHA 


CTEPEOXHMU4 WH MEXAHH3M MPHCOEAMHEHWS BPOMHCTOLO 
BOJOPOJA K AJHMETHJIOBOMY I@UPY ALLETHJIEH JHK APBOHOBO! 
KHCJIOTbI B OPTAHHYECKHX KUCJIOTAX 


(I pedcmaeneno axademuxom B, A. Kasaxcxum 20 XI 1959) | 


Kak Opi0 noKa3aHO paHee(’), OPOMHCTHIH BOAOPOA MpucoetuHAeTCA K alleTH 
jleH.uKapOonopomy 9upy B JleAHOM YKCYCHOM KUCJIOTEe MPH 20° c o6paso0Ba 
HHeM IIpHO/IM3HTebHO PaBHbIX KOJMYeCTB OPOMpyMapoOBoro u OPOMMaJIeHHOBOT’ 
axpupos. CKopocth peakIlMH OMMCbIBaecTCA ypaBHeHHeM TpeTbero MOpAAKA: 


v = ks [A] [HBr]2. (1 


AnanOrHuHbie OMBbITHI Ob MOCTaBJICHbI B MPOMMOHOBOH KHC/IOTe, SKBAMOVIE 
KYJAPHOH CMeCH MOHOXJIOP- HK TPUXMOPYKCYCHBIX KHCJOT, a TaK%Ke B JleAAHO! 


yKcyCHOH KHCsOTe pH pasMMUHBIX TeMMepaTypax. YpaBHeHne (1) oKasamoc. 
CMpaBelIHBbIM JWI BCeX HCCJeqOBaH 


Ta6aunagt HbIX clygaes. KoHcTaHTbl! CKOpocT! 
peakunu k3 (1?-mMoib™*-mMuH) mpel 


B . oe & ' 

Bg) Eee reaclee S505 cTaBuleHb! B Tad. 1. 
9] Ss |es fu¥el|O| Ss ae |=xeg CrepeoHanpaBsleHve peakIHH 3aBh 
a{ 58 | 38 gag® a Spralicas gone CHT OT PaCTBOPHTeJIA HM TeMMepaTyPpr 
elGe |Se|628sle(S&| Se S228 onpira. Berxok wuc-mposyxra mpel 

cTaBuleH Ha puc. 1. Han6onbuinit BbIxo, 

Q 10,265). —>| = 9|20} 1850); .5,5]— Wuc-alykTa HaOsiojaeTcHh B CMEC] 
10 | — 0,74, — | 45) — | — [54,5 MOHOXxsOp- 4 TPHXMOpyKCyCHOH KHCU 
oe Ve Wes 34,2 oe Bie le it MpOMexKyTOUHOe MOsIO%KeHHe 3aHnMae' 


YKCyCHad KUCOTAa H HAMMeHBIIMH BBIXO, 
OpoMMasIeHHOBOrO aipupa NOJyyaeTcA B MpomMoHOBOH KUcOTe. Temnepatyp: 
OKa3bIBaeT CYIeCTBCHHOE BJIMAHHE JIMIUb B ONpeleeHHbIX HHTepBaslax, B KOTO 
PbIX BbIXO WHc-aayKtTa pacteT c MOHH- | 
2KCHHEM TeMMepartypbl (MepBbIli clyuaii). 


Bue sToro uHTepBasla mpu Coulee BH- Ta6auna 2- 

COKOH TeMNepatype cTepeoHampaBulenne 

peaKUMH NpaKTHuecKH OT Hee He 3aBH- & | E, xxan/won 

cur (Bropol cayyali). B nponnonosoit 4 ak 

KHCJIOTe B Mpesemax O—60° umeet me- liad ni oe 

CTO BTOPOH cily4yal; B yKcyCcHOH Kucuo- Cue rpane, 

Te — 06a culyuasi: ONMH B npejesmax 10— 

Ha TON IRE 40—80°; B CM€CH MOHO- CoH;COsH 0—60] 15,6 | 13,6 
P- HM TPHXNOpyKcyCHOH KUCIOT—  CH.CO,E 10-201 6414774 

TOJbKO NepBbIh cyyaH mpH 25—40°. To xe 20—40 10,6 17,4 
Tlockoupky o6mmH TpeTuli nopapzoK aay ete 40—80| 19,0 | 17,4 
: ~ y , 

peakKUMH COXpaHseTca JIA BCex TeM  CHICICOsH 25-45] 0,3 | 20,8 


nepaTyp HW pacTBOpHTeieH, ypaBHeHne 
(1) cupaBedHBo H AIA Kax%KLOFO v3 NOTO- 
KOB peakUMH B OTJeTbHOcTH. Ilostomy BeauunHa ks ecTb CyMMa KOHCTaHT peak: 
WHIT IMC- WH TpaHC-IpHCOC¢HHHeHHA, a 3HAYEHHA OTCbHbIX KOHCTaHT MOryT OBIT] 
OpeACeHb! H3 COOTHOWMEHHA BbIXOJOB Kaxkoro crepeousomepa. Tlomyuns ta 
KHM OOpa30M KOHCTAaHTbI CKOpocTH KaxkOro mpotecca, MbI paccuutTaM Hy 
2Hepruv akTuBallua £, KOTOpble mpefcTaBueHb! B Tab. 2. : 
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Oxasas0cb, TO JA TPaHc-NpHcOeMHeHUA SHeEpruM aKkTMBallMM OCTAaIOTCA 
NOCTOAHHBIMM Ha BCe€M OTPe3Ke HCCJIeQOBaHHbIX TeMNepaTyp, WIA WHc-Mpucoe- 
WHHeEHHA, Haodopot, HaGuolarorca 
HOO OOuee BLICOKHe SHEprHuH, H60 
BeCbMa HH3KHe. 

V3 npHBeeHHbIX JaHHbIx culelyerT 
3aKJIIOUNTb, YTO TPaHc-mpHcoesuHe- 
HHe BO BCeX CJIy4adx MpoTeKaeT M0 
OJHHaKOBOMy MexaHH3my. JIA Wnc- 
IIpHCOeAHHeEHHA eCTb Ba MeXaHv3Ma: 
OJMH H3 HUX TpeOyerT OOMbWION JHep- 
THH aKkTHBalluw — Ha 2.kkKaJI. 6OuIb- 
le, YeM JIA TPaHC-IIpHCoesMHeEHHA, 
HW MpOABIAeTCA MOSsTOMy MIpH Ooee 0 20 0. o0 80° 
BbICOKOH TemMepatype, Apyrou Mexa- 


Pue. 1. Beixoq wuc-npoxykta B MpouenTax oT 
HH3M, Hao6opot, Tpe6yer WA cBoero CuNEL CleneCnscuenohe [ec Hl Canes ae 


OcYyIULecTBJICHHA BeCbMa MaJlou 3Hep- CHsCOeH; 3— CClsCO.H + CH2CICO.H 
TMH aKkTHBalluH WH MOTOMY peobula- 


HaeT MPH HH3KHX TeMMepaTypax. 

_ Mot npeanosaraem, uTo peakWLHu TpaHC-MpucoeAMHeEHHA HM WHc-mpucoeqMHeHUsA 
¢ 60bUIOH SHeprvelt aKTHBALLMM OCYLIECTBIAIOTCA Yepes OTKPbITbIe TPHMOWIe- 
KYJIAPHbIe KOMIMJICKCBI: 


S 3 


Be/x00 ule -npodyxiia 
SS) 
% 


TpaHc UHC 


EctecTBeHHO, 4TO TeyeHHe peaKUMH Yepe3 WMC-KOMMeKC TakoroO TuMa Tpe- 
OyeT OONbWIOH SHEPIHH aKTHBallHH 3a CueT MPOCTPaHCTBeHHbIX MpenATCTBUH 
| pH Mo_xose O6euX MOJeKyJ1 OpOMHCTOFO BOLOPOAa C OMHOM CTOPOHHI JIMHEMHOK 
| MOJICKYJIBI. 

I]vc-mpucoequHeHHe C HH3KOH 9HeEprveH aKTHBallHH UJeT, NO-BAAMMOMY, 


R—CS=C—R 


4 ~ 
H Br 
aes 


| JleficrputenmbHo, Kak moKkasanuM pacuetst A. K. Cppkuua (*), ocymlecTBeHve 
mpollecca vepe3 WecTHWIeHHbIM MepeXOLHbIM KOMIMVIeEKC BCera CBASAHO C NOHH- 
| KeEHHeM 3HEPrHU aKTHBALLMN M0 CPaBHEHHIO C KOMIVJIeKCOM J11000ro Apyroro Bula. 
| Tlo-suqumomy, pe3ysbTupylollad SHeprvaA aKTHBallMM Mpolecca (usyllero 
'B Jpe cragfun (1)) onpeyeisetcaA 9Heprve OTPbIBa MIPOTOHa B KOHeEYHON cTaMMH. 
| TIporoHoakiuenTopoM MOKeT CJy2KUTb PaCTBOPHTeIb, WH eCTeCTBeEHHO, 4eM OH 
| OCHOBHee, TEM MeHbIle OyJeT 9HEPIHA AKTHMBAMMM 3a CUeT BHINTPbillla B 9Hepruu 
| IpHcOeMHHeHUA MpoTOHa, HalpuMep, K KapOoHHy pacrsoputens. Tlostomy 
| Heprus aKTHBAIHN MpolleccoB, HAYULAX Yepes OTKPbITHIe KOMMJI€KChI, Makaer B 
PpAy: CMeCb MOHOXJIOP- H TPHXJIOPyYKCYCHOH KUCJIOT, YKCyCHaad KucOTAa, NponH- 
oHOBad KucOTa. B KOuIbYaTOM KOMMJI€KCe OTPbIB MPOTOHA OCYINECTBJIACTCA 3a 
cueT OOpas0BaHHA HOBOM HeAMCCOMMMPOBAaHHOM MOJIYKYJIbI OpomucToro BoOsOpo- 
la, 4TO, KOHC4YHO, CBA3AHO C JONOJIHUTEJIbHBIM BbIHTpbIIeM B 9HEprHu. 
PasHulleli B OCHOBHOCTH pacTBOpHTeJleH 0 OTHOWIeHHIO K OpomMucToMy BoOjO- 
poly OObACHAeTCA HM pa3JIM4HaA CKOPOCTb peaKUMH B HHX: YeM MeHee CBASAH. 
Opomuctsili BOMOpOA c pacTBOpHTeseM, TeM peakUMA HAeT Opicrpee. 
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k SkeenepuyMeHTaAbHaA YACTH 


TlumerunoBpli Sup alleTHJIeHMKapOOHOBOH KHCJIOTHI, CHHTe3 HP OBaHHOH 
mo mponnen (%), OWnIMaIcd NeperOHKOH B BaKYYMe. Bpomuctplit BoOpoy mouy- 
yasicad JelicrBHeM OpoMa Ha HatTaJIHH M MOcse OUMCTKH KOHACHCHPOBaJICA IPH 
OXJ@KICHHH B CMecH TBepAOli yrvieKHcJIOTEI HM alleToHa. MejWieHHbIM Hcmape- 
HHeM OpomucTbi BOLOpOA NMeperoHAJICA B PaCTBOPHTeJIb, MOMeCHLCHHBIM B CIC 
WHasbHOM mpHOope. Tlocse HacbillleHHA pacTBOp MepeaBJIMBasIcA B 3apaHee 
B3BeLeHHEIe AMMYJbI, KOTOPbIe HeMeWVIeHHO 3amanBaucb. Jlna KHHeETHYeCKUX 
OMBITOB TOTOBMJIMCh TOHKOCTeHHbI€ AMMYJIbt OObeMOM OKOIO 5 MJ, AIA Mpenapa- 
THBHBIX IIPHMeHAIMCh aMmysibt O6bemoM Yo 100 ma. Kontenrpalua Opomuctoro 
BOLOpola MWA KaxkOU cepHu onpeeANach aHaNH30M PacTBOpa B HECKOJIbKUX 
MaJIbIX aMIMyJlaX M3 CepHH. 

Kuneruueckve OnbITH! MpOBoumuch B MpHOope WeHKOM 3 creksia (’). 
B wero momellaica pacrBop alleTHeHLHKapOOHOBOrO at*pupa H MaJiaA aMNyJla C 
HaBecKOlt pactBopa Opomucroro Bogxopoga. Ilocae WoBeqeHuaA OGOUX PacTBOPOB 
B TepMocTaTe JO TeMIlepaTypbI ONbITa aMIYJla pas{aBIHBallach MH KOMIIOHEHTBI 
peaKUHH MPHOBeHHO CMellIMBasucb. Tevenve peakWMu HaOJOa0cb 10 NaeHHlo 
TUTpa Spomucroro BoLopogza B mpobax. IIpo6p onpesemenHHoro OObeMa BbIIMBAa- 
JIMCb B BOLY, YTO BbI3bIBaIO OCTaHOBKY peakIHH, WM flaslee THTPOBaJIHCb M10, 
MouprapAy. Ourm6Ku B ONpedeuweHHH, BKOYad OTOOP NpoOObI, He MpeBpiiaJH, 
0,5%. 

IIpumMepoM THMMUHOTO TeYeHHA PCAKIMH MOLYT CJYKUTb JaHHble MO MpHcoe- 
JMHeEHHIO OpomucToro BOLOpOa B CMe€CH MOHOXJIOP- HW TPHXJIOPyKCYCHOH KHCJIOT) 
(ucxoqHble KOHUeHTpauuu HBr u A ogHHakoBbt).- 


Onuit 4; 25° Onpit 2; 45° 
Bpema, HBr ks Bpema, HBr k 
MHH. MHH. 

0) 0,0435 — 0) 0 ,0350 — 
10 0,0290 33,0 10 0, 0230 03,9 
20 On0230) BA.) 20 0,0183 50,0 \ 
30 0,0193 35,9 30 0, 0160 Domo | 

40 OOUray ay 40 0 ,0140 03,8 


IIpenapaTuBHble ONbITH! MPOW3BOAMIUCb B TeX 2%Ke YCOBHAX, UTO H KHHETH- 
uecKHe OnbiTb. PacrBopbl, AOBeqeHHbIe WO 3afaHHOli TeMMepaTypbl, CMelIMBa- 
JIMCb HW BbIJepKUBaIMCh MO OKOHYAHHA peakUuu. CMecb BbIWIMBalacb Ha Jie, Hu 
MIpOAYKTbI peakUHH SKCTParupoBaHCb scpupom. OctaToK nocuJe yasieHHA pacTBo- 
PpHTeJA NOLBeprasica TpOOHOH meperoHKke B BaKyyMe B UpHOope, cHaOx*KeHHOM 
KOJIOHKOH, OOecneunBalolleH MOHOe OTJeeHHe HempoOpearMpoBaBlero alleTH- 
JieHAMKapOoHoBoro supa HM BbIeeHHe YncTON dpakuMA cMecH Opomdymapo- 
BOrO H OpoMMavieuHoBOro aupos. KommuecrBeHHoe onpeyeseHue HX CMeCH Ocy- 


INeCTBIAIOCh MO NOKa3aTeAHM mpenomienna (np 1,4935 aaa Tpauc- u 1,4861 
[Jin WC-alyKkTa) WH KOHTPOJIHpOBaJIOCb BbIMOpaxKHBaHHeM OpomdyMaposoro 
adupa us cmecu. Touxocrb orgebHOrO onpeseeHuA Mbt OlleHHBaem B 4% JA 
Kaxk]Oro KOMMOHeHTA. 


MucruryT opranuueckoH xumuu Hocrynuno 
Axkajlemuu HaykK YCCP 20 VII 1959 
UMTHPOBAHHAD JIMTEPATYPA 
: UV. B. Cen p Ho BBia Mk Om Beek, Wunos, WAH, 67, 674 (4949). 
AK, Cu pkun: Ves, AH » CCCP, OXH, 1959, Ne 2, 238. 3 CuHTe3bI opraHnye- 


CKMX Npenapatos, COoopn. 2, WJI, 1949, erp. 21. 4. B. CMupuHos3amMkos, 
TY. A. Wuckosutuna, Yxp. xu. *KYpH., 28, 208 (1957). 
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Jlornays Akafwemun nayrx CCCP 


1960. Tom 130, Ne 6 


XHMHA 


Axayemuk A. B. TOMUMEB, H. A. MYCAEB, 9. X. HCXAKOBA, 
H. M. CAPJIAHALIBHJIM, A. H. KACJiMHCKMA uP. J. PAJIbMEPH 


HCCJIENOBAHHE HHIMBUAYAJIbHOrO YIJIEBOJOPOAHOTO 
COCTABA BEH3HHOB KPEKHHIA CYPAXAHCKOM 
OTBOPHOH HE®TH 


B mpedbiqyuem Haliem coo6nuleHuH (*) Obit OmMcaH KOMOHHHpOBaHHbIit Me- 
rol HCCeAOBAHUA MeTasIM8HpOBaHHOrO TpynmoBoro XHMMYeCKOFO CocTaBa Tpex 
pOpasijos OeH3HHOB tbpakunit 60—175°, nomyueHHEIx mpH TepMHYeCKOM uM KaTa- 


IMTHUYECKOM KPeKHHTe JHCTHIJIATOB CypaXaHCKOH OTOOPHOH HadPTeHOBOH HedrTu: 


€HSHH KaTaJIMTHYeCKOrO KPeKHHTa KepOCcHHO-ra30veBol dpakuuu (B-12); 
DeHSMH TepMHYeCKOrO KpekuHTa Ma3yta (B-2) u OeH3HH TepMHYeCKOFO KPeKHH- 


‘a KepOCHHO-ra30HeBon dpakuuu (B-11). 


B nacrosueh pa6ore coobmlatorca pe3yJbTaTbl H3yYeHUA MHAUBAAyasbHOrO 
VPIeBOMOPOMHOTO cocTaBa (PpakUHli 3THX OeH3HHOB, OTOOPaHHbIx oO 60°, u 


POMaTHUeCKHX YIJICBOJOPOJOB, 


eX 2Ke OCH3HHOB. 


MUccnaeZoBauHue 


ua (°). 


MIPHCYTCTBYIOWIUX BO dpaKkuuax 60—175° 


cocTtaBa dpakuuk fo 60°. Opaxuun, 
proOpanupie oO 60° Ha KomOHKe 45 T. T., ObLIM pasfeseHb! Ha y3Kue dpakuun. 


(B BeCOBBIX IIpOMeHTax) 


NapaktTepucTuka (pakWu upuBeseHa B TaO. 2. Dpakunu, Kune WO 26,5°, 
ICCJICQOBAIMCb Ha YCTaHOBKe [a30-2%KHKOCTHOH xpomatorpaduu (7), a cocTaB 
Dpakuuu 26,5—60,0° onpenzenamca mo cnekTpaM KOMOMHalHOHHOrO pacces- 


Tao mniva 1 


* ApomaTuyeckHe yrueBoxopoyEl 43 @pakuuli 150—175° 
)% HenmpenembHbIX yrieBoqoposoB, He NOAMAaloulMxXcA UeHTH : 
He KOHMeHTpallHH APOMATHYeCKUX MpelcTaBAAIOT AA 9THX GpakWMH JIMWb MepBoe MPH- 


WoKenne. 


F Bex3uHuH-12 Beu3HH-2 Ben3uH-11 
So + | z a ee 3 a | & z 
= Flees 3 : a a mn 
oy Yrunesozoporpi 5 wie eS ao Se Be, Bo SiG 2S He 
1S oc ez gs Ro G2 Kore iOS | Oz os tol 
uae os 2 ° xO 6 ee) ire) 3 a ime) oO 
aI nS St xm AL eit) m FC eG xo mL = {sc 
H60—95., Beusom 100 1,44 1,14 100 0,27 0,24 95 | IAD 2,76 
95—1~9 | Tonyon 100 6,86 5,42 85 lee 0,94 97 Sytlih 4,57 
22—159 | Srun6exu30n 25 3,05 2,98 25 0,94 0,73 30 1,76 1,39 
n-Kcuson 20 3,02 2,38 15 0,56 0,43 15 0,88 0,70 
m-Keusion 35 5,29 4,17 35 dipoe) 1,02 30 1,76 1,39 
o-Keusnou 20 3,02 2,38 20 0,75 0,58 20 al ais 0,93 
0—175 *| 1-Metus-2-aTH16ceH300 10 — 1,26 5 — 0,15 20 — 0,82 
4-Merua-3-9TH16eH30N | cu. = cu. 15 — 0,44 10 = 0,44 
1-Metusn-4-sTun6ensou | cul. = cu. 5 = OF15 5 = 0,20 
MesutTusieH 15 — 1,89 10 — 0,29 5 — 0,20 
x-IIponusn6en301 cu. = cu. 10 — 0,29 10 — 0,41 
TlceByqokymoun 65 _ 8,19 30 —_ 0,87 30 — dr 
TemumesuTou 5 — 0,63 15 — 0,44 10 — 0,44 
Brop.-6yTH16eH301 cul. — CuT* Cute — cul. — — — 
Tpert.-OyTHI6eH30N — _— aa Cui — cw. —_ — — 


B-2 u b-11 cogepxatT oKos0 
bukauuu. IIpupegenupie B Ta6- 


4267 


Neal Ot wat. al 2 


Buixox H XapakTepucTuka y3kux @pakuuli GensuHoB, oTOOpaHHbIx Wo 60° 
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Tlauupie 06 yrsleBOJOpOqHOM cOcTaE 
TOJIOBHBIX (ppakWUHH OeH3HHOB CONOCTAaBJG 
Hbt B Ta6u. 3. UccneqopaHveM ycTaHOBJ¢ 
HO, 4TO B KaxXJOM H3 TpeX OeH3HHO 
(ppaxuuu no 60°) mpucyTcrByeT 0 TPH 
WaTH HHAMBUAyabHbIX + yIrseBOROpOMol. 
KoumuecTBeHHbI aHasIv3 OOHapyKUI PI} 
60KHe pa3JIH4HA B KOHICHTpalluax O 
JI@JIbHBIX KOMMOHeEHTOB. Bo dpakWHu J 
60° G6eH3HH KaTaJIMTHYeCKOrO KPeKHHI 
(B-12) B KOHWeHTpaluv, MpeBpiiliaroule 
5%, IIpHCyTCTBYIOT YeTbEIpPe yrueBosopoki 
Q-metHOyTaH (36,4%), 2-mMerHOyTeH- 
(15,1%), 2-mMeruinentaH (8,6%) u H-OyTe 
(cymma I-. u 2- 6,5%). 

Bo (pakWvAx OeH3HHOB TepMHYeCKOL 
Kpexuura (B-2 u B-11) fo Bocbmu yra 
BOJOPOJOB HaXOATCA B KOHILeHTpallu 
> 5% wu UlecTb yrmeBoqopoyoB — B KO 
weHTpauuax > 7%. B B-2 970: H-neHT 
(25,0%), 2-meru6ytaH (11,1%), 2-merH. 
6yTeH-2 (7,9%), 2-MeTHJINeHTaH H 4-MeTH. 
meHteH-1 (no 7,5%), nexnten-1 (7,2%| 
B B-11: 4-mentau (19,9 %),4-merusineHTeH: 
(12,0%), 2-metun6yreu-2 (10,0 %), meHTeH- 
(7,7%), 2-MeTu6yTaH (7,4%) HW WHKJone} 
TaH (7,2%). Ecau yyecrb, uro B-11 u B-] 
MOJIYYeHbI H3 OAHOFO CbIPbA H UYTO BbIXC 
dpakunu to 60° B 5-12 3HauurenbHO BBIT 
(27% muporup 9,2 B B-11), oco6o apr 
BHIABJIAIOTCA pasJIHUHA B NpHpose Sensi 
HOB, 3aBHCAUIMX OT cmoco6a ux Nepeps 
OOTKH. | 

Tonopuble (pakuwH OeH3MHa Kata 
THYeCKOrO KpeKHHTa, MO-BHXHMOMY, MOTY 
paclleHHBaTbCA KaK MOTeHWMabHOe CHIP! 
JIA HebTeXHMMYeCKOrO CHHTe3a Ha Oak 
W30MeHTaHa, 2-MeTuOyTeHa-1 u 2-MeTH 
leHTaHa. 

V3 rouioBHEIxX pakuwui Gex3uHOB Te; 
MHYeCKOrFO KPe€KHHTa OTHOCHTeJbHO Jerk 
NOJIYYHTb A-OyTaH, H-NeHTaH 4 Taki 
a-OJlePUHbI, Kak A-NeHTeH-1, 2-merun6 
TeH-| uw 4-mernunenten-1. 

HUccnmelopaunune cOCT dm 
apoMaTHuecKHX ppakuuH 
60—175°. Apomatuyeckue yrseBoxopom 
BbIJeeHHbIe pH XpomMaTorpadupoBauH 
Ha cuJIHKaree 43 dpakuuli 60—178 
NowBepraHCb NeperouKe Haj, MeTaJuIMye 
KMM HaTpHeM HW 3aTeM MNodpaKIHOHHO H 
CleOBaJIMCb MeTOQOM CHeKTpOB KOMO 
HallMOHHOTO paccesHus. PesyibTaTet , aH 
JIM3a MpHBefleHp! B Ta6n. |. 

Hs nomyyeHHbiX JlaHHbIX BHO, 4 
CYMMapHbIH BbIXOJ apOMaTHYeCKHX y 
Jieponoposon y B-12 sBypoe 60nbme, 4 
y B-ll, u B 5 pas Gonpue uem y ;5-. 


JCHOBHBIMH apOMaTHYecKHMH yrvieBoyopofamu B-12 sapasntorca: nceBlokyMon 
27% oT cyMMbI apomaruyueckux nu 8,2% Ha GeH3uH Jo 175°), Tomyon (coor- 
seTCTBeHHO 18 u 5,4%), m-KcHoN (14 u 2%), strun6en30n (10 u 3,0%) u n- 
cuion (7,8 u 2,4%). Ta B-11 sro: ronyon (30 u 4,6%), 6en30n (18 u 2,8%) 
“Keno (9 u 1,4%) wu sTHaGeHson (9%). WU, HnakoHen, quia B-2: m-Kcu- 


Ta6auna 3 


Yrnesosopoqunli coctas ppakunii yo 60° 6ex3uHoB KpeKunra (B BeCOBHIX MporeHTax) 


Bexu3uuH-12 BeusuH-2 Bensuu-11 
YVraesoxopogry f Ha dpak- | Ha dpak- | Ha pak- | Ha dpak- | Ha pak- | ua bpax- 
ILHIO JO I,HIO JO WHIo TO WHIO TO WHIO 4O IHIO FO 
60° 150° e 150° 60° 150° 
bTaH + OTHJIeH Ci. Cyt, 0,43 0,04 0,29 0,03 
ponan + nponusen 0,12 0.03 0,32 0,04 He Halen 
?-Meruxnponau 4,59 1,23 0,48 0,05 0,16 04 
| tebe a a 5,86 0,63 2,45 23 
-Merumnponex ‘ . 
-Byrentt aE a, 4, 54 0,49 3,10 0,28 
-Merun6ytTeH-1 CuI. cw. cu. ca. 1,62 0,15 
-Metun6ytTaH 36,4 9,78 ae 4,20 7,36 0,68 
llenteu-1 0,54 0,14 eas) 0,77 7,69 Osan 
-Metun6yTex-1 4,69 0,46 De2o 0,55 6,14 0,56 
Azonpen He HaliqeH 0,14 0,04 0,32 0,03 
THIWAK ION ponaHn . He Haliqen ca. ca cua. Cu. 
-lleuTan 0,32 | 0,09 25,0 2,68 19,9 1,83 
eTHILUKIOOYTaH He Halijen OMe ca. He HaliqeH 
(pauc-nentTen-2 2,57 0,69 Ps} 0,24 3,76 0,35 
tluc-neHTer-2 ORT 0,64 4,75 0,19 2,04 0,19 
i-Merus6yTeH-2 15,4 | 4,06 7,93 0,85 10,0 0,92 
|-MetunuuKkno6yTeH-1 He HalizeH Guns Ca. He Haliyen. 
$,3-.umetus6yTeu-1 0,09 | 0,02 He Hafiqieu He HaiijzeH 
(lunepusen He HalizeHu He Hafiveu CI. CU. 
luKnoneHTeH 1,16 0,31 0,82 | 0,09 3,66 0,34 
UKMOMeCHTAH cul. | cul. 3,98 0,43 fos 0,67 
}},2-].uMerusm6yTaH He HaliyjeH He Haliqeu EN Cul. 
-MerusnexTeH-1 cu. cul. thos 0,84 12,0 Ala 
-Merusnenten-1 cul. cn. 0,58 0,06 0,40 0,03 
},3-Tumeru6yten-1 can. ca. 0,58 0,06 0,39 0,04 
vc-4-MeTHJIMeHTeH-2 He HalifzeH 0,57 0,06 He HafiqeH 
| ,3-.uMeTuslHKn06yTaH He HalijeH He Haliqeu CJ. Cie 
\,3-umerus6 yTan 4,7 41,86 3,05 ; 3,59 0,33 
 panc-4-meTusnentTeH-2 ca. ca, 1,78 0,19 0,79 0,07 
}+-MeruaneutTaH 8,6 2532) 7,48 0,81 5,53 0,54 
Bcero C,—C,| 100,0 26,88 400,0 40,77 400,0 9,24 
jlapa@unn C, — Cy 56,20 15,14 53,39 5,74 39,24 3,62 
Ws HUX: 
| HOPMasbHOrO CTpOeHHA 1,93 0,52 31,29 3,36 22,64 2,06 
| pasBeTBJIeHHBIe 54,27 14,59 22,10 2,38 16,60 1,53 
| (WuKAonapaduupl C; + cee 3,98 0,43 23 0,67 
Dne@unpt C,—C, 32,35 8,70 39,98 4,28 51,84 4,44 
3 HMX: 
HOpMauJIbHOrO cTpoeHHA 43,74 3723 41,66 4,26 16,56 4,53 
pasBerBieHHble 18,64 5,47 28,32 3,02 31.62 2,94 
| uuKaoone@unsl 41,16 0,34 0,82 0,09 3,66 0,34 


peH3on (11 u 0,23%). 


A. B 
J 


so IE 
, JAH, 128, 966 (1959). 
BpoBpcKult, XuM. M TeXHOJ. TomIMBa H Mace, Ne 8, 18 (1956). 
B, Sy VS 1AWC RATION CI 


WATHPOBAHHASA JIMTEPATYPA 


mon (17 u 1,0%), ronyon (14 u 0,94%), mceBqoxymon (13 u 0,87%) u sTHA- 


SKCIepHMeHTasIbHad YacTb paOOTh! BHINOHAACh Mpu yaacTHH I. H. Bytyp- 
mospou u M. C. JlewtoscKon. 


Tloctymuao 
2 VIII 1959 


onuues, WH. A. Mycaes, 9. X.Ucxaxkxosa, H. M. Capgqauna- 


2A.M. Bpoackudk, O. A. Kaaunenkoa, 


5 Awd 


A. H. Kucaunucku lk, 
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Jloxxzann Axkagemun nayr CCCP 
1960. Tom 130, Ne 6 


PHBHYECKAM XHMHA 


r. 1. JESHEPbEB u C. WH. BEPESHHA 


MPENEJIbBHbDIA TOK AHddy3HH HA BPALJAIOWMMCA 
JMCKOBbIN JJIEKTPO NPH KATOAHOM BbIJEJIEHHU 
BOXOPOJIA 
(ITpedcmaeaeno axademuxom A. H. Ppymkunoim 4 XI 1959) 


Kak Optio noKa3aHo paHee (1), NpeeJIbHbie MJIOTHOCTH TOKa MpH KaTOJHOM 
BbIeICHHH BOLOpOAa Ha WwaTHHe WIM HHKeJle H3 pacTBOPOB CepHOH KUCJOTHI 
XapaKTepH3YIOTCA TeM, UTO peaKUNA paspxAya BOMOposHoro nona H’ + e > H 
cMeHseTcA peakunel H,O + e-> OH’ + H, mponeccom BpleeHua Bofopoga 
H3 NOLUeOueHHOrO B MIpHKaTOAHOM culoe pactBopa. IlommenayHBaHHne 3/IeK- 
TPOJIMTAa B MPH3JIeEKTPOAHOM cw10€ MPOHCXOMHT B pesyJIbTaTe HaKOMJIeHHA Hepas- 
pAAKAIOMNXCA KATHOHOB MIpHMeceli, KOHI[eHTPalHI0 KOTOPBIX B HCXOJHOM pac- 
TBOpe JIerKO TOJcuuTaTb 0 BpfBeqeHHOMy A. H. ®pyMKHHbIM ypaBHeHHWO (°*). 
Ecuu Jia moficueTa BOCHOJb30BaTbCA HalIMMH SKCHePHMeHTaJIbHbIMH JaHHbIMH, 
TO OKa3biBaeTCa, UTO KOHUEHTPallHA MpHMeceH KaTHOHOB LleJIOUHbIX MeTaJJIOB 
B pacrBope O1u3ka K 10-8— 10~° N, uro coorpercTByeT MpoBeleHHEIM HaMu, 
OPHeHTHPOBOUHBIM CMeKTPaJIbHbIM OMpeeJIeHHAM. 

CHwxkeHHe KOHIeCHTPalHN NOTeHWHa-ONpeleAIOMIHX HOHOB B IpHaIeKTpOL- 
HOH MJI€HKe SIEKTPOJIHTA MOXKET ObITb OCMAOJICHO NPHHYAHTeIbHOH WHPKyAAlMeH 
3JIEKTPOUTA, MPHBOAAWeH K YMeHbINeHHIO TOJIMHbI rpanwunoro cos. Ecau 
TaKkaA WMPKYJIAWHA 2XHAKOCTH COBepllaeTCH 3aKOHOMePHO H, CJIeqOBaTeJIbHO, 
3aKOHOMepHO H38MeHAeCTCA TOJIMHHA PpaHHUHOrO COA, 3aBHCHMOCTb Mexy mpe- 
J@JIbHbIM TOKOM H OOMleH KOHIeHTpallueH pacTBOpa MOXKeT OKa38aTbcA Oowiee 
pocToH, uweM WIA cuyuaA Ta380BbiesIeHHA B HepasMellIHBaeMOH KHAKOCTH., 

Ilo B. [. Jlepuuy (*) HanOonee mpocrol cayuali O6rekaHua TBeporo Tela, 
2KHJ[KOCTbIO MbI HMe€eM IPH BpallleHHu B Hell WucKa. Tomuluha rpaHHuHOro c10K O6- 
paTHO MpONOpWHOHaIbHa KOPHIO KBafpaTHOMy M3 CKOPOCTH BpallleHHaA WucKa, 
a ipeqeIbHDIH TOK OOpaTHO NpOnOplMoHaJeH TOME rpanuuHoro con. Yxe 
nepBad SKCIepHMeHTaJibHad poBepKa Teopuu B. [. Jlesnua, nponspeqeHHan 
Bb. H. Ka6anoppim(*), nosTBeplwia cyllecrBOBaHHe JIMHeHHOL 3aBHCHMOCTH! 
MexK]ly IlpeleJIbHbIM TOKOM H KOPHeEM KBaJpaTHbIM H3 CKOPOCTH BpallleHua 
AUCKa. OleKTpOHEI mpotecc, usyyenuEi B. H. KaGanospim (KaToyHoe Boc- 
CTaHOBJIeEHHe KHCOpOa B KUCJIbIX pacTBOpaX MO MepeKHCH BOROpOsa), He Obi 
OCJIOXKHEH HAKAKHMM NOOOUHBIMH ABJeHHAMH. B ciryyae KaTOJHOFO BBIeeHHsA, 
BOAOpoOa Ha BpalllarouleMcA AUCKe MbI HMeeM JleJIO C OOPpasOBaHHeM IY3bIPbKOB 
ra3a WH UX OTPbIBOM OT NOBeEPXHOCTH SIeKTPOMa. OTO MPHBOAUT K OCIOAKHEHHIO 
THAPOAMHAMHYeCKOrO pexKHMa y MOBepXHOCTH 9seKTpofa. IpeqcTaBaauoce, 
HHTePeCHBIM BbIACHHTb, KAKO (akTOP ABJIAe€TCH B 9TOM cuTyYae Mpeocbmasalo- 
IlMM — ynOpsfoueHHOe JBYXKeHHe YAKUAKOCTH y NOBepXHOCTH Bpalilatouleroca 
AUCKa, WIM pasMelIMBalollee TeicTBMe OTeIAIOMIMXCA OT STO MOBepXHOCTH 
Ta3sOBbIX ITY3bIDbKOB. 


OKCNHeEPHMeCHTAAbHAA UACTh | 


Onpegzeiauch MOTeHIMaIbl JHCKOBOrO MaTHHOBOTO” KaTOla JWMaMeTpoM 
6,00 MM, Bpatatoujerocs co cKopocrbio or 1000 n0 22 000 06/mun. Komnencamnon- 
Had Iellb 3aMbiKaJlacb Yepes 3 -10~*cex.(°*) nocue BEIKIIOUeHHA NOMApPUsyrIoulero 
TOKa. OTO JaBallO BO3MOXKHOCTh H3MepATb MOTeHIMANbI SeKTPOa, Ou3KHeE 
K PaBHOBeCHbIM — OMHYeCKaH COCTABJIAIOULAA MOTeHUMasla H MepeHanpsxkKenne 
pH 9TOM cnafator (*). OneKrpomusy NosBeprasucb PacTBOPh) CepHOl KUCOTHI 
pasIMUHBIX KOHWeHTpalnit (or 0,0005 yo 0,05 N); KaroqHoe HM aHOZHOe OTdeneHuA 
QIEKTPONH3epa COEMHEHbI IWHPOKHM CHCOHOM, B KaTOJHOe OTJeeHHe NOsaBawJ- 
cA Boopod. BocnponsBoqumocTh u3MepeHu MHOrOKpaTHO mpoBepexa. 
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B pas6aBueHubix pacrpopax (0,0005—0,004 N) npu HeOoubumx cKopocTax 
spalleHHA SNeKTPOAa BeIHYHHA MpeebHOrO TOKa MOXKeT ObITh yCTaHOBJIeHa 
{eNOCpeACTBCHHO NO MOJIAPH3aWMOHHbIM KPHBbIM — Pe3KHH NObeM NOTeHIMa- 
1a MOBOJIbHO YeTKO YKa3blBaeT, K KAKOH MVJIOTHOCTH TOKa OTHOCHTCA H3MeHeHHE 
‘apakTepa 9JleKTPOMHOH peakuHH. B pacrBopax c OOubilleli KOHWeHTpalluert 
cucmoTEt (f0 0,05 N) mp sBpicoxux ckopocrax BpallieHua fucka (10000— 


mafcm® e 

mafom® a 

60 a : 

py 

120 - 

&0 

a 

ae 

4 
0 


OW G02 003 G04 QO5N 
¢ —— Me Vin (06/mun,) ——— 


Puc. 1. SasBucumocTb mpenzenbuoro tToxa Puc. 2. 3apucumocTs IIp€MeIbHOTO TOKa 
| Muppysuu or konuentpaunun H2SO, upu yucddysuu or cKopocTu Bpalmenua AucKa 
PasJIMUHbIX CKOPOCTAX BpalleHHaA ucka. Aa pasOaBNeHHbIxX pacTBopoB HeSQ,: 
a— 0, 6— 3000, ¢— 8000, e— 15000, a— 0,0005 N, 6—0,00075 N, 6— 
0 — 21 000 06/mun 0,001 N, e— 0,002 N, 0O— 0,03 N, e— 

0,004 N 


0 000 06/mun) ycraHoBUTb NOJO*KeHHe CKAUKa NOTH Masa NO NOAPH3alMOHHbIM 
| PHBbIM He yaeTcaA — MelllaeT, KpoMe OypHOro ra3OBbIAeeHHA, ellie H pasorpe- 
4aHHe QICKTPOMUTA B MpPH3IeKTPOAHOM CJI0e C MOBbILIeCHHbIM COMPOTHBAeHHeM. 
pb STOM CJIy4ae MpeeJIbHYy!0 MIOTHOCTh TOKa tq MOXHO BbIYHCJIMTb W3 ypaBHe- 
WMA, CBASbIBAaIOULerO STY BeJIMUHHY C KOHUeHTpallMeH MOTeHLMaJ-onpedeJ Al0~ 
HX HOHOB y SieKTpoga C., OOtlei KOHWeHTpalluel Cy M IpHMeHAeMOM NIOT~ 
-, pire ot 

OCTbIO TOKa i: ig Been Scere 

| SHauenue C; ompesesmaerca m0 MOTeHIMaJy QeKTPpOfa, H3MepeHHoMy Yepes: 
|-10-* cek. nocae BbIKMOUCHUA MOJAPHSy1OlerO TOKA, MOCKOJIbKY pasJIMYHBI- 
| He€3aBHCHMbIMH MeTOJaMH paHee OblwIO yCTaHOBJICHO, YTO 9JIeKTPOX B TOT: 
[POMexKYTOK BpeMeHH NpHXOANT K PaBHOBeCHOMY COCTOAHHIO. 

| IIpH HenogBuxKHOM 93/1IeKTpOJle OTKJOHeHHe 3aBucHMOCTH ig—C oT JIMHeH-. 
oH HauMHaetca c KOHUWeHTpanul H,SO, 0,02—0,03 N. B strux u Oomee KOH-. 
HEHTPHPOBaHHbIX PacTBOpaX BOJM3H MpeebHbIX 3HAYeHHM MNOTHOCTH TOKa. 
fepeMelinBaHue IIPHIEKTPOAHOH 2KUAKOCTH BbIeJAIOULUMCA BOOPOOM HacTOJIb-. 
[D CHJIbHO, UTO ig 3aMeTHO MOBbIIaeTCA H TEM CHJIbHee OTKJIOHAeTCA OT MIPAMOH, 
PM KOHI[CHTPHpOBaHHee pacTBop. Ecuiu Bpalilenve d/leKTpoOda MpuBeeT K yO- 
FJIOUCHHIO JIBHXKCHHA X2KMKOCTH, a WepeMelliMBaloulee JeHcTBHe BOMoposa Oy- 
PT HMe€Tb MeHbllee 3HaveHHe, TO C TIOBbILICHHeM CKOPOCTH BpallleHHA QuCKa 
BI OyJeM HaGwlOJaTb MocTeleHHOe BbITIpPAMJIeHHe KPUBOU ty—C. Kak BuHO 
B puc. 1, Tak uMeHHO 4 MponcxoguT. IloppmuieHue CKOpocTH BpallleHua Wucka 
DUBOJHT K cCO3aHMIO Ooee ycToHuNBoro YTHApOMMHaMMYecKOrO perxKUMa. 
B Tex ycslOBHAX, KOPa 3aMeHa OHO SJIEKTPOXMMMYeCKON peak Apyron, 
a3aHHad C JOCTHxKeHHeEM BO3MOXKHOFO MHHAMYMa KOHIeCHTpallM NOTeHI[Ha- 
IPCC AIOULUX HOHOB, MpOWCXOAUT MPH CpaBHUTe/IbHO HeEOOMbINOM TasOBbIle- 
HHH (HalpuMep, B pa3OaBJIeHHbIX paCTBOpaX KUCJOTbI IPH HeOOJIbLIMX CKO- 
DcTAX BpallleHuA [ucKa), T. €. KOra Npee/bHbIe MJIOTHOCTH TOKa He OUeHD, 
{COKH, Mbl MO2KEM OKHAaTb COOJIONEHUA JIMHEHHOH 3aBHCHMOCTH, MexkAy tq u 
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KBalpaTHBIM KOPHeM H3 CKOpOcTH”BpauleHuaA Qucka. Haut skcMepHMeHTa/bHbIlk 
MaTepHa.l TOATBep%KLaeT 9TO: 3ABMCHMOCT Me*Ky MpefebHbIM TOKOM H KOPHEN 
13 YHC1a OOOPOTOB S/IeKTPOJa B CAMHMLY BPpeMeHH BbIParKeHa IPAMBIMH, MpPOJOJI- 
sq KOTOPHIX HalpaBJeHb! B Hayao KoopAuHat (puc. 2). [loBpMieHve kOHIleH- 

TpallMH KHCJIOTbI WH CKOpOCTH 
ma/em? BpalleHuaA JMCKa MPHBOAHT 
CHJIbHOMY BO3paCcTaHHIO 3Ha¥ye- 
Hu mpesembHoro Toxka. IIpu 


a 3 93TOM OOIbLUIyIO pOb HayMHaet 


*KeHH 


urpaTb MepeMelluBatollee Jei- 


*  cCTBHe BOOposa. Silecb HeBOS- 

60 es MOXHO CO3aTb YCJIOBHA, TpH 
2 e KOTOPbIX JeHcTBHe STOFO PaKTO- 

= pa OKaKeTca mpeHeOperaemMc 
a MaJIbIM — Kak Mbl BHJMM Ha 
8 mpHMepe s3apucumoctu ig—C, 

ane a MOBBILLeEHHE CKOPOCTH BpallleHHa 
240 60 860 100 120 40 Ko  21€KTpOla B HeKOTOpoH cTene- 
Vin (o6/mun) HH CMOCOOCTBYeT y nop aoueHHI0 
THApOMMHaMHyeCKOrO = pexKHMa, 


Puc. 3. 3aBMcHMOCTh MpesebHOro ToKa Aupy3uu OT HO COOTBETCTBYIOMHe KPHBbIe 
CKOPOCTH BpalleHHA AucKa B Oowree IIMPpOKOM HHTCp- BCe Ke NOHOCTbIO He BBITIp AM- 
Bane KonWentTpauuit HeSO.; a— 0,002 NV, 6— Tl 4 
0,003 NM, e— 0,005 NV, §e—0,075-N, 0— 0,01 NV, PUOTCH. 510” Hoa 
e— 0,02 N, 9x — 0,03,V,3— 0,04 N,u—0,05 N MeHT@JIbHEIM aHHbIM 3aBHCH- 
MOCTb MexK]Y IpeeJIbHbIM TO- 

KOM H KBa[paTHbIM KOPHeM H3 UHCJa OOOPOTOB 2JIeKTpOJa B eAHHULY BpeMeHH! 
mpecTaBsleHa B 3TOM CJly¥ae NPAMBIMHM, He HallpaBJIeHHbIMA B HavaslO KOOp- 
JuHatT (puc.3); OHH MepeceKalOT OCb OPAMHAT B TOUKAX, COOTBETCTBYIOWIMX Mmpe- 
JeJIbHBIM TOKaM Ha HeMOJBUXKHBIM QIEKTpOA, a B TPeX PacTBOpax HaHOouee BBI- 
COKHX KOHIeHTpalluli — Jaxke HECKOJIbKO BbIllle (STO KaK pa3 Te DaCcTBOpPHI, Wsv 
KOTOPbIX H 3aBMCHMOCTb ig—C OTKJIOHAeTCA OT JIMHeHHON). | 
TakoH pe3yJIbTaT CJleqOBaIO OKUAaTb, TAK KaK IPH NOHWKeCHHH CKOPOCTH' 
BpallleHHA JHCKa TOJMMHa rpaHv4Horo clos OyseT Bce B OoMbIeH Mepe Onpere- 
JIATbCA TMEPCMeCWIMBAIOWIMM JeHCTBHEM OTJeAIOMLUXCA OT 3JIEKTPOZa Ta30BbIxX 
IY3bIPbKOB; MO STOH NPHUHHe IpAMas HallpaBJleHa B TOUKY, COOTBeETCTBYIOMLYIO 
MIpeeIbHOMY TOKY Ha HeNOJBHXKHDIM 3/IeKTpO. OAHaKO BO3MOXHBbI, KaK BUJHO,| 
YCJIOBHA, MPH KOTOPBIX MepeMelIMBaHHe 9/ICKTPOMTa Ta30M OUeHb CHJIbHO! 
CJ\BHuraeT BBeEPX MpeAeJIbHbIe TOK Ha BpalllaloululicaA 3IeKTPOA uM ynopaAqOUMBatO~ 
ujee JleHcTBve HaOeratolleHh Ha JMCK CTPpyH OKa3biBaeTCH HeOcTaTOUHBIM! 
B 9ToM cilydae MpAMble MepeceKaloT OCb OPAHHAT BBILe TOUeK, COOTBETCTBYIOULUX’ 
IIpeeIbHOMY TOKY Ha HeNOJBWKHBIM 3eKTpO]. 
[lo pe3ymbTrataM MmpOfeaHHbIX pac4eTOB MCCefOBaHHble MOMApH3allHoH-! 
Hble KPHBbIe B OOMACTH MIOTHOCTeH TOKa, He MpeBbIWalollux mpedebHpTe' 
3HaYeHHA, COOTBETCTBYIOT YpaBHeHH!0 KOHICHTPalMOHHOH NO/ApH3aluu Bua! 


ig ie 
= + = InCy) + as In ( |— | . OrksoHeHve H3MepeHHBIX BeHUMH 10- 


d/ 
TeHWHasla OT BbIYHCJIGHHbIX COcCTaBIAeT 4—6 MB. 


( 

XMMHYCCKHH MHCTHUTYT Tlocrynuso 
Kasanckoro dbutuana Akazemun nayx CCCP 22 X 1959 
f 


IMTHPOBAHHAA JIMTEPATYPA’ 


'T. 1. Hesumgeppbes, C. WU. Bepesuna, Has. Kasancx. cus. AH CCCP, ce 
XHM. HayK, B. 3, 41 (1957); Tes. noxn. na 4eTBEPTOM COBEN. M0 S7eKTpoxumun, M., 1956, 
Giese Cola leoyeasiinn, I. GC. Bo3x7BuKeHCKUGH, TY. Mi. TLesuneppbes, 
TAH, 87, 53°(1951);"°C. Ho B€ pean war lee Bosxzpumxeuncknunh, I. I. Des 
3umepbes, PKIIX, 25, 994 (1952). 2A. H. Opym«ug, JAH, 117, 102 (1957). 
5B. T. Jlespuyu, Pusuxo-xumuyeckaa raqpoqunamuka, M., 1952, crp. 50, 195; B. T. Jl e- 
Buu, KX, 18, 335 (1944); 22, 575 (1948). 410.T. Cuse p, B. H. Ka6anom 
oP aan 53 (1948). *&C.H. Bepesuuna, A. UI Baanees x ap., K®X, 29,’ 

. : 
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Hoknane Akagemun nayk CCCP 
1960. Tom 130, NM 6 


PH3SHYECKAA XHMHA 


B. ©. KHCEJIEB, K. f. KPACHJIbHHKOB u Lr. C. XOXAKOB 


BJIMAHHE APPEFAWMH YACTHY KBAPI[A TPH WU3MEJIbBUEHHH 
HA ErO AJCOPBLLMOHHbIE CBOMCTBA 


(ITpedcmaezeno axademuxom IT. A, Pe6undepom 20 X 1959) 


HegaBuo Opi0 MOKa3aHo ('), YTO B Mpolecce NOMONa KBaplla B BO3AYyWIHO- 
YXOM COCTOAHHH BeJIMUHHA ero YJleIbHOH NOBeEpXHOCTH, ONpeseseHHaA NO Hu3- 
KOTeMMepaTypHOH afcopOluu a30Ta C YyBeJIHYeHHeM BPeMeHH HOMOsa, Mepe- 
pTaeT pacTH M Jake MOKeT yYMeHbIUATLCA. GTO ABJeHHe ObIIO OObACHeHO arpe- 
PallueH UaCTHIL KBaplla, MPH KOTOpPOM YacTb NOBepXHOCTH CTaHOBHTCA HesocTyn- 
HOH Jia MomeKys asotTa. IIpeqcraBiaer HHTepec paccMOTPeTb BJIMAHMe arpera- 
IMM Ha aJcOpOWHOHHble CBOMCTBa KBaplla M0 OTHOLIeHHIO K ApyruM alcopOatam 
H, B 4WaCTHOCTH, BbIACHHTb, B KaKOM Mepe arperallva “YaCTHIL KBaplla CKaxKeTCA 
Ha ero aJCOpOWHOHHbIX CBOHCTBaX MO OTHOIMeHHIO K MapaM BOJbI, pa3Mepbi MO- 
NeKyJI H XapakTep aJcOpOlWHu KOTOPOH CyILeCTBeHHO OTJIHUHbI OT pa3Mepa MOve- 
KyJI MU XapakTepa afcopOuMu a3ora. 

AcopOWHOHHble CBOHCTBa eHHHUbI MOBepXHOCTH KBaplla MO OTHOIIeHHIO K 
l!apaM BOJbI H MeTaHOsIa HEOMHOKpaTHO H3yyasucb (?~*). Batu uccleqoBaHp (*,9-1?) 
helOTh! alcopOWUwH H CMa4YHBaHHA STHMU wXUAKOcTAMH. ConocTaBJleHHe nosy- 
HCHHbIX Pe3YJIbTaTOB, MpOBeJeHHbIX JIA H3OTepM acopOuHH napow Bosp (8) 4 
ld TeNJIOT CMauwBaHHA BOOK (1*), yKa3bIBaeT Ha CHJIbHOe pacxOwKJeHHe 3TUX 
ACOPOWHOHHbIX XapaKTePpHCTHK JIA pa3JIM4HbIX OOpasloB KBapla. B cayuae 
HZOTEPM acOpOlMH MapoB BOLI 3TO OObACHANOCb(*) HaH4HeM B HEKOTOPbIX 
PHpOAHHIX OOpa3siax KBaplla «CyOMHKPOCKOMHYeCKHX» TPeUlHH, JOCTYMHbIX 
[IH MOJIEKYJI BOXbI, HO He JOCTYNHBIX LWIA MOJI€KYJI a30Ta, YTO NPHBOHT K 3aHH- 
KEHHbIM 3HaueHHAM YJesIbHOH NOBeEPXHOCTH, ONpeeJIeHHOH H3 H30TepM aflcop6- 
I\MH a30TAa, a CuleOBaTeJIbHO K 34BbIIIICHHBIM «aOCOJIIOTHBIM» (T. @. OTHeECEHHBIM 
| eMHMUe MOBepXHOCTH) BeH4YHHAM acopOunH napoB BosbI. Takoe OObaAcHeHHe 
K@KETCA HAM MaJIOBEPOATHBIM, MOCKOJIbKY B MIpolecce TOHKOTO H3Me/IbucHUs 
DaCKOJI UACTHIL KBaplla OJMKeH MPOWCXOAMTb TIPeHMyLLeCTBeHHO 10 MHKDpo- 
"PeWlHWHaM, ABJIAIOULMMCA HaHOoslee CcaObIMH MeCTaMMH pellleTKH, HM CeOBaTeJIb- 
HO, AMCHeprupoBaHHe JOsKHO CIOCOOCTBOBaTb CHHKEHHIO NOPHCTOCTH MOPOLIKOB 
)a3MMUHOFO TPOWCXOKWeHUA, UTO, OMHAKO, He noyTBepxaetca (*). HuKakux 
4@3aBHCHMBIX 9KCIMe€PHMeHTaJIbHbIX JlaHHbIX O HaJIMUMH YJIbTpamop B Uccse- 
[OBAHHBIX OOpasilax He mpuBoyutca (*). B padore (7*) ormeyaetca 3HadMTebHBI 
DOCT YJ[eJIbHBIX TeMJIOT CMa4HBaHHA KBaplla BOAO C YMeHbUeHHeM ero Aucrepc- 
HoctH. AHaslOrHuHad 3aBHCHMOCTb, HO MeHee pe3KO BbIPaKeHHaAd, HaGutOalach 
amu panee (13-16) aaa cumuKareseH. IIpu sTOM yKa3biBasl0Ccb Take, UTO MeTO- 
bt MOMYYeHHA CHIMKareseH HW MOPOWKOB KBaplla OKa3bIBalOT 3aMeTHOe BIMAHHE 
ia HX alcopOWMOHHbIe cBOlicTBa. TakHM OOpa30M, IIpH4nHbI 3HadMTeJbHOrO pac- 
OXKMCHUA MPHBEACHHBIX B JIMTepaType AIA PpasJIM4HbIX OOPasuoB KBapla yAevb- 
BIX BEIHYHH alcopOWMH HM SHeEprHH afcopOuMn ellie TBepqO He yCTaHOB- 
eHbI. 

 B jannoit paGore mpl ucnompsoBau 2 OOpasiia BbICOKOAMCHepCHOrO KBaplia. 
lepspiii o6pasen Ks-4 Opi novly¥eH MOMOJIOM MpospayHoro KPHCTaJWIMYeCKOrO 


, 


‘Baplla C H3ObITKOM BOE (') B cTabHOI BAOpoMerbHuue. Bropoii oOpaser KB-4A 
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NOsyYaJICA TYTeM JaJibHeliWero NOMO/1a XOPOLO MpOCyWIeHHOTO NepBoro o6pas- 
ua (Ks-4) B Tevenue 16 MHH. Ha BO3sqyxe. O6a o6pasula KBaplla OYHULaIHCb OT 
IIpHMecH 2Keslesa OOpa6orKOl COIAHOH KHCNOTOH C MOCcMeAyIOULMM MpPOUyCkaHy 
eM CyClleH3HH Yepes XpoMaTOrpaduyecky!0 KOJOHKY, 3aMOJIHeHHYy!O KaTHOHH- 
rom (78), H3mepenue aQcopOlun mapos Bob H a3s0Ta MpOH3BOAHNOCh Ha o6bem- 
HO ycTaHopKe. KouMuecTBO CTpyKTYPHOH BOB B oOpasllax OnpesesAJIOCb E 
3TOM xe ycTaHOBKe NO OObeMy MapoE 
BOJbI, BbIJeJIMBINAXCA IPH MpOKaJIMBa- 
Huu OOpasua or 300 go 1000°. Yaeub- 
Had IOBepXHOCTb PaCCUHTbIBaIacb MC 
BST us usorepM HH3KOTeMMepaTypHOH 
alcop6uuu a3o0ta. IlonyueHHbie AaHHble 
mpHpelenpt B Taba. 1. a 

Ha puc. | npegcraBuieHb! OOpaTHMBIe 
BeTBH H30TepM afcOpOlHH MapOB BOJsI 
u asota Ha oOpasiax Kp-4 u Ks-4A, pac- 
cunTaHHple Ha lr afcop6enta. Kak Buy; 
HO W3 puc. 1, w30TepMa afcopOuuu ma- 
poB a30Ta Ha arperHpoBaHHOM oOOpa3- 
we Ks-4A ufeT 3HauHTeIbHO HEDKe, FEM 
JWI UCXOQHOTO O6pasiia. CoorBeTcTBeH- 
HO, B Mpollecce JasibHeliliero MOMOwa 
cyxoro nopourka Kp-4 ero yJeubHa 
MOBEPXHOCTb MO a30TyY YMeHbIIMIaCb E 
1,5 pasa 3a cuer arperauuu uacruy(*) 
(ra6. 1). MaorepMa xe napoB BOI Ha 
arperupoBaHHoM oOpa3iie Ks-4A, Hao- 
OopoT, HeT Bbille, YeM Ha OOpasile 
Ks-4, uroO MoxKeT OObACHATbCA YBeJIH- 
YeHHeEM HCTHHHGH MOBepXHOCTH OOpasié 
B pe3yJbTaTe ero JOMOMHUTebHOrO M10 
Mouia. TakuM O6pa3oM, 3TH OMBITHI 1OKa- 
3bIBAIOT, UTO B pe3yJIbTaTe arperallMy 
YaCTHM IPH W3MeIbYeHHH KBapla ero aCOpOMMOHHBIe CBOLCTBa H3MeHAIOTCH 
HeEOJMHAKOBO M0 OTHOIJEHHIO K MapaM BOJLI H a3s0Ta. OOpasyioulaaca B STOM cuy- 
yae YJIbTpanlopucTHad CTpykTypa arpervpOBaHHBIX WaCTHIL He CBA3aHa, O4e- 
BUIHO, C HCXOJHBIM OOpa3silOM KBaplla, a HMeeT BTOPHUHOe MpoNcxo*mAenHe. 


Puce. |. A — w30TepMpr agcopOunu napos 
BOJbI (CBETJIbIe TOUKH) HM as0Ta (UepHbIe TOUKH) 
Ha OOpasuax kBapua Ke-4A (/) u Kp-4 (2). 
5 — usotepmpl afcopOuuu mapop Bogbi Ha 
Tex 2%e COpasuax, OTHECCHHBIG K Cosep2xKa- 
HHIO CTPYKTYPHOH BOLI B 2THX OOpaslax 


TaOauna 1 
AJCOpOuHOHHbIe XapaKTepHCTHKH NOPOMIKOB KBapla 


Conepx a- 
: Y ebHaw HHe CTpykK- 

Oopa3seu, MOBepx- TypHou YcNOBUA usMenbYeHuA 
HOCTb, M?2/r BOI, 
| uM /m2 : 
Kp-4 pone) 5,4 C u36nITKOM BOJET : 

Ks-4A 30,4 | 14,8 TlonowHntenbubii -romon cy- 

xoro mopouka Ks-4 


y 
OreyTcrBve BO Bcex HccleoBaHHAx (?7!2) Ha KBaplle aHHbIx 06 YCJIOBUAX: 1OMO- 
Ja WM Heyyuer scekTa arperalluu, MpMBOAAMerO K 3aHWKEHHIM 3HaueHHAN 
YH€bHOM NOBEPXHOCTH, BBIMHCJICHHEIM H3 H30TepM HH3KOTeMNepaTy pHOM aycop6: 
HMM a30Ta, HE MO3BOJA€T CONOCTABIATh MexIy coOoi paccunTaHHbe B STux 
paOorax y/leJIbHble BeEMYHHBI alcopOunHn (?-*), remuiorst aycop6unn(*) a Tenor: 
cmauuBanua (°,!), Kak 3TO Jemamocb pauee (8,12), Bo3MoxkHO, ¥YTO STO OfHAa He 
NPHYHH SHAdHTebHbIX PacCXOMKMeCHHH Kak aNCOPOMMOHHBIX, TAK HW 9HeprerHuec: 
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(HX XAPAKTEPHCTHK, MOJIYYeHHBIX JA MOPOLIKOB KBaplla B PasHBIX HCceNOBa- 


Kak culeqyer 43 puc. 2, «a6comorHEey H30TePMbl acOpOluu apoB BOI 
a AByX OOpa3llax KBaplla OAHOrO H TOFO 2x%Ke MPOMCXOXKeHUA, OTIMUAIONULUXCH 
HUIb YCOBHAMH HX H3MeJIBYCHHA, Pe3KO Pas/IMUHbI. ITO CBASAHO C TEM, UTO UacTh 
NOBEPXHOCTH arperMpOBaHHOro OOpasiia OKasbIBaeTCA HEMOCTYNHOM Js MOJIEKYJI 
y230Ta, HO AOCTyNHa AIA MONeKYJI BOL. B sToM ciryuae ecTecTBeHHO OBI ODI 
fOMPeAe ATS BeJIMYMHY yebHOH NOBepXHOCTH arperupoBanHOro OOpa3iia U3 130- 

€pM ajcopOuMM napow BogH. Oqnako STOT NYT MoxerT MIpUBecTH K 3HaUHTeJb- 
bIM OWWHOKaM, NOCKOJbKy NocasounaA msowlaz- 
jka MOJI€KYJI BOZbI Ha MOBepXHOCTH KpeMHeseMa = _4M/mé 

aBHCHT OT cTeneHH ee rufpaTalluv, koTOpad Wr. Le naire 
3AMeTHO OTIMYaeTCA [WIA OOpa3loB pasMuHOrO 
apoucxoxyenna (14-1), Pacuer nocalouHoli m0- 
aK MOJIeKyJIbl BOXbI “3 KpUcTasorpaduyec- 
ex ceueHHH KBaplla (!”) He onpaBylaH, Tak Kak 
pole panee (7*) ObiuIo ycTaHOBseHO HajHuUHe 
FAMOPHOrO COA Ha NOBepXHOCTH KPHCTasWMYeC- 
: oro KBaplla. MakTbI Ke coBnaseHuA «aGcovOT- 
| 
| 


bIX» H30TepM (**) Ha pa3IM4HBIX OOpasilax KBap- 
Wa MW CHIMKaresA Mp UCHOb30BaHHN yebHOn 
MOBEPXHOCTH, BbIYMCJIEHHOM M3 STHX 2%Ke WaHHIx, Puc. 2. Yaenbubre usotTepMbr az- 
eile HHYero He FOBOPAT OO UJCHTHYHOCTH MOBep X- Ene eaten eon. 
HOCTH UcCCJIeqyeMbIxX OObeKTOB. «A6cOJIIOTHBIe» Tania pha Kee CLR 
M3ZOTEPMbI COBMayaloT B 3TOM CJIyYae TOJIbKO 
MOTOMY, UTO MPH BbIMHCJIeCHHH yAesbHOW NOBepx- 

IHOCTH Ka4eCTBeEHHbIe pa3IMUHA MpHpOAb MOBePXHOCTH pa3HBIX OOpasiloB 
YUMTBIBaIOTCA ee BesHUHHOH (7°). Tak HanpuMep, pH TaKOM MeTOJe pac- 
meTa COBMaaroT «aOCOJIOTHBbIe> H3OTeEPMbI Ha OObINHOM CHJIMKareie MW CHJIMKa- 
rene C MOAMuuMpOBaHHOH MoBepxHOcTbWO, B KOTOpOM YacTb OH-rpynn Opa 
BaMellleHa Ha CH3-rpynnpl, T. e. Ha OO6pa3ilax, npHpoOa MOBepXHOCTH KOTOPHIX 
yulecTBeHHO pa3uuuHa (7°). 

| TlockombKy BeM4HHa UCTHHHOM yJebHOH MoBepXHOCTH arpervpoBaHHoro 
iMopouika KBaplla OcTaBasaCb Hev3BeCTHOM, MbI OTHECJIH H3MePeHHbIe Be MYMEDI 
ANcOopOWuu MapOB BOAH HeMmocpesCTBeHHO K KOJIMYeCTBY CTPYKTYPHOH BOJHI, 
OepxKallelica B ucceqOBaHHbIX OOpasuax (24). Kak BugHO us puc. 15, B Ha- 
MabHoH oOnactH P/P, wu30TepMbt COBNaqaloT, YTO CBUAeTeMbCTBYeT B MO/b3sy 
oro, YTO BCH MOBepXHOCTbh arperupoBaHHOrO MOpouiKa KBaplla AOCTYNHa WIAv 
OleKyJI BOJbI. 

B wacrosliee BpeMA HeJIb34 ellle JaTb OOOCHOBaHHOrO OObACHeHHA HaOut0- 
lapmiemyca B (1) H B LaHHOl paOore aBseHHIo arperauu. Ilo-BuyumMomy, mpu 
OWKeEHHH YaCTHI B Mpollecce Apo6MeHHA MpOHcXoOAuT OOpasoBaHve KOHTAk- 
OB Mexky HHUMH OJlarolapaA B3aHMOJeHCTBHIO aAKTUBHbIX YYaCTKOB COCeHHX 
acTul. TakHMH aKTHBHbIMH MecTaMM MOryT OBITb, B YacTHOCTH, CBOOOJHbIe 
alluKaJIbl, BO3HUKalollve Ha moBepxHoctax pacKoua. IIpu strom o6pa3ytorcs 
PaBHUTebHO MWJIOTHbIe arperaTbl, COCTOsIMe U3 MePBUYHbIX YacTHIL, KOTO- 
DbIe He paspyllalorca npu OOpaOorke BOLO uM HarpeBaHHu. OMHaKO HX MeXa- 
HMUeCKAA MPOUHOCTh 3HAYHTENbHO HYKe, YEM MCXOMHEIX YaCTHI, KBapla. Kpar- 
KOBPeMCHHbIH NOMOJI arperMpOBaHHOrO KBaplla B BOAe MPUBOMMT kK Nesarperalun 
1aCTHIL HM pe3KOMy BO3pacTaHHIO Yje/IbHOM MOBePXHOCTH. OrmeyeHHbIit BEILUe 
pakT paciipocrpaHeHuA MOseKYyJI BObI BAOb BCeM NOBEPXHOCTH arperMpoBan- 
IbIX YAaCTHIL HAaXOMUTCH B COOTBETCTBHM Cc AuCneprupyioluuMu (MenTHsupyw- 
MMM) CBOMCTBAMH BOJbI 10 OTHOLIeHHIO K STHM cucTeMaM. CulefyeT OTMeTHTD, 
TO ABeHHe arperalMu UacTHI, B Mpouecce H3MeNbYeHHA HaGIOJaeTcA He 
OMbKO JWI KPUCTaIMYeCKOrO KBapla, HO HAA PAA Apyrux TBepAbIX 
reJI — KOPYHa, MaBJIeHOrO KBaplla, KaJIbINTa UT. J.,— a aor oct CHJIHKa- 
‘eI, YNebHad NOBEPXHOCTb KOTOPOTO MIpH CYXOM ApOOJIeHHH B BAOPOMeJIbHHILe 
JMeHbINaeTCA B HEKOTOPBIX clyyaax Oomee 4em B 10 pas. 


1 1275, 


Aptopbl BbipaxkaloT OslarojapHOCTb SRA I]. A. Pe6ungepy 3a uHTe 
pec K 3TOM paOore u ee O6cyxeHHe, a Takxe I. HW. AnekcaHApoBok 3a MOMOLL 
pH H3MepeHHAx. 


MockoBckHH TocyapCTBeHHbIH YyHHBepCHTeT Ilocrynua0 
uM. M. B. Jlomonocopa 13 X 1959 


Bcecor3Hblt + Hay4HO-HCCeAOBaTebCKHH 
MHCTHTYT HOBBIX CTPOHTCJIbHbIX MaTepHavlOB 
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PHSHYECKAA XHMHA 


10. LU. MOLUKOBCKHA 


CHEKTPbI IIEKTPOHHOrFO NAPAMArHUTHOFO PE3OHAHCA 
IKHAHMHOBDIX KPACHTEJIEM 


(IT pedcmaeneno axademuxom B. H. Koxdpamvecoim 21 1X 1959) 


Iipw uccieqoBaHHH MeTOJOM 3JIeKTPOHHOrO WapaMarHHTHOTO pa30HaHca 
9. Il. p.) COPMHHEHHH, HMeIOWIMX CHCTeEMy COMPAXKeHHBIX CBA3CH, B HEKOTOPbIX 
Wyuaaix OOHapyXKHBaOCcb pasOHaHcHOe norsouleHue (',’), BbI3BaHHOe TeM, 4TO 
OJIeKYJIbI HMCIOT HECKOMMe€HCHPOBaHHbI 3JIEKTPOHHbIM MarHHTHbI MOMeHT. 
Takum OOpasom, y BeliecTB, MMeIONLHX MO COBPeMeHHbIM MpelcTaBJieHHAM NOW- 
OCTbIO HaCbIIeHHble XMMHYeCKHe CBA3H, NOABJIAIOTCA PafHKaJIbHbIe COCTOSA- 
1HA, H3YYCHHe KOTOPHIX MOXKET, C OHO CTOPOHbI, OObACHHTb HEKOTOPble XHMH- 
HecKHe OCOOeHHOCTH MOJIeKyJI C OOJIbLIMM 4HCJIOM CONPsKeHHbIX JBOHHBIX 
cBaseH, a C pyro CTOPOHbI, BbIACHHTb HEACHBIM MO HaCTOAMerO BpeMeHH MeXa- 
H3M BOSHHKHOBeCHHA y HUMX MapaMarHeTH3Ma. 

YO6HBIM OObeEKTOM JIA HCcMeOBAaHHA CNeKTPOB 9. II. P. COMPAXKeHHbIX 
HCTeM MOryT ABHTbCA WHAHHHOBbIe KpacHTeJIM, NOJYIHBUIMe WMpOKoOe NpakTH- 
ecKkoe IIpHMeHeHHe Jia ONTHYeCKOH CeHCHONH3alMH COTOrpaduyeckHXx 9MYVIb- 
bu. B HacToslleH pa6oTre v3y4alOcb BJIMAHMe Ha CNeKTp 9. I. p. 4HCsa 
POMPAXKeHHHIX JBOMHBIX CBA3eCH MexKAy TerepOUMKJMYeCKHMH ApaMy, cTpoe- 
Wal TeTepOluksMyecKUX sep M XapakTepa aHHOHAa KpacuTejsa. OObeKTaMu 
8MepeHHA CJYKMIH cCeyollve CHMMeTPHUHble WHAaHHHOBbIe kpacuTeJin: 


v ee 
Were ima kb 
+ 


N 
v4 
H=C H—CH 
oi Cle N 
| 
C,H C,H, 
Hoc) n=0; 1,233; 4 5 
ie 
: CaHy bri 
CH 
CH, ae 
CH=(CH—CH), 
Wo — 
| i 
GH} n=3;4 CoH, 


Bee KpacuTeim npecTraBianu coOo 4HCTbIe MpenapaTh 3a UCKIOYeHHeM 


pacutena leo n= 4. 
4277 


VsMepeHua MpOBOAMIMCb C MOpPOMIKaMH KpaCcHTeleH B KOJMYeCTBE OT 20 AC 
90 mr Ha crleKTpometpe (?), Hcniomb3y1oulem.4actoty 9-10° ri, ABOHHY!O MarHHT 
HY1O MOLYJAWHIO, CHHXpOHHOe AeTeKTHpoBaHHe, YCuseHue Ha YacToTe 975 KIL 
H CXeMY aBTOMOACTPOuKN YacTOTHI K/IMCTpoHa Mo paGouemy pesoHaTopy. Kpu 
Bad MOPOUleHHA 3aNHCcpiBaslacb B cpopMe MepBOH MpOv3BOAHOK CaMOMIMCILEN 
STINT-09. 7 

Curnas 9. 0. p. Obl MouyyeH He y BCeX HCCJIeOBaHHbIX KpacuTesen 
Ojnako,’ ecu HaOuoJaiocb pe3o0HaHCHoe MOorioweHve, JIMHHA mper, 

cTaBJasia CcoOol CHMMeTpHUHBbIL 

100 26 cuHTvieT c g-pakTopom 2,003 (pac 

1,a). Wupuna uHMu A3MeHAacl 

ray fhe: ‘ B 3aBHCHMOCTH OT CTpoeHHA Kpa: 

fec { 2 CHTevIn. OQMH 43 UCCJe1OBaHHbl) 
KpacuTesei (2 cn-3) KpoMe y3Kor( 
b CHHIIeTa HMCJI BTOPOH OBOJbH( 

a@ IWMPOKHH CHHreT C g-akTOponN 

2,24 (puc. 1,e). WWapnua amHun. 

ompeeleHHad MexKY TOUKaMI 

fpbec MaKCHM@JIbHOrO HaKJIOHa KPHBOl 

NOriowWeHHA, B MocueqHeM Cy4al 

6 Opia paBHa AHy, = 130 re. 

e KoueHTpalna HeciapeHHbl 

Puc. 1. Cnextppt 9..p. a— Kpacutenb 1,n= 3; 3CKTPOHOB OMpedegach NO Us! 
6 — kpacutenb 3, n= 3, 1— T= 290° K,2— __ BecTHoMy cTaHyapTy (Audennsmy, 
T = 90° K; ¢— KpacuTemb 1, n= 3 KPWITHApasHl) 1 MpHOIMSHTeNb HY 
COOTBETCTBOBaIa OAHOMy cBOOOg 

HOMY aleKTpouy Ha 10* Momexysl KpacuTetaA. M3-3a HeOoMbiOl HHTCHCMBHOCT] 
cnekTpa 9. Il. p. H MaJIbIX KOJIMYECTB MpeapaToB onpezenenue KOHMeHTpalAl 
HeCHaPeCHHbIX 3JIEKTPOHOB HM@O TOYHOCTh B peselax ofHoro NopsAKa Be, 
4HHBI. | 

Tlouly4eHHple pe3yJIbTaTH CBezeHbI B TaO. 1, M3 KOTOPOH BUAHO, 4YTO peso 
HAHCHOe MOPOuleHHe BO3HHKaeT JIA BaHHOrO FoMOJlorMyeckoro psa Kpacu 
TEA TOJbKO MPH OMpeeeHHOM YHCMe CONPAXKCHHBIX ABOHHbIX cBABZEeM. C yBe 
JIM4CHHeM COMpAXKEHHA WIMPHHa JIMHHH 9. 1. p. YMeHbuaetca. J pyrum dbakTOpoM 
OMPeAeAIOWIMM BOSHHKHOBeCHHE pakuKaJIbHOrO COCTOAHHA, ABJIACTCA XapakTe| 
rerepouuksIMuecKoro Apa. B cilyyae MpoHSBOMHbIX XHHOJIMHA CHeKTp 9. 1.p 
BOSHHK@eT IPH COMmpsAxXeHHH, COOTBeETCTBYIOLeEM TpemM CH-rpynnam, Torya Kal 
Y MponsBoOLHbIX Oe€H3THAaZO/a AA NOABJICHHA CHIHaJla HeOOXOLHMO He MeHe 
mata CH-rpynn, a y Mpov3BoQHblxX HHJoa axe cemn CH-rpynn. Ilo-sugu 
MOMY, Ha BOSHHKHOBeHHe paJMKaJIbHOrO COCTOAHHA BJIMAeCT OCHOBHOCTb reTe 
pOWMKJH4eCKOrO Apa, KOTOpad YMeHbiuaeTCA B TOM xe NopsyKe. MNuTepecn 
OTMeTHTb, 4TO AHHOH (3amMeHa J~ wa Cl”) He urpaeT cyulecTBeHHOM pouM B pe 
30HAHCHOM TIOFJIOM[CHHH KpaCHTeIA. OTO ABJACTCA JOBOJOM B MOb3y Tore 
UTO PaQMKaJIbHOe COCTOAHHe BO3HHKaeT B CHCTEME COMPHAKeCHHBIX CBASEH Ka 
THOHA KpacHTesis. 

MoxHo MpeAMosIox%KUTb, YTO CNEKTP 9. I. p. B HCCMEAOBAHHBIX KpacnTelA 
BbISBaH TEPMHUCCKH BOSOYXCHHBIM TPHIVICTHBIM COCTOAHHeM, 2HeEPrHA KOTC 
poro pH AOCTaTOUHOM COMpsAxKeHHM CTAHOBHTCA CpaBHuMoi c RT. OqHako 3TOM 
MPpOTHBOpeuaT OMBITbI pH HA3KUX TemMepaTypax. CurHad 9. 1. p. Mp Temmepa 
Type *KHAKorO a30Ta He YMECHbINAeTCA, a YBEIMYHBAeETCA MpHONM3UTeIbHO 
2 pasa (pwc. 1,6), kak 9TO HaOmofaeTCA yY NapaMarHUTHBIX BeulecTB. Tak 
oO6pa3oM, HaJIMUHe HECKOMMeHCHPOBaHHOrO SJICKTPOHHOrO MarHUTHOrO MOMeHT 
B M3Y4CHHbIX BEUCCTBAX CBA3AHO HE C BOSOYKCHHIM, a C OCHOBHBIM COCTOAHHE 
MOJIEKYJI KpacuTea. 

Kak MOxKHO BHLeTb 43 pu. 1,6, NonM>KeHHE Temmepatyppi Jo 90° K He yment 
1ae€T IWMPHHY JIMHHM 9. 1. p. CreqopaTebHO, B HallemM Clyyae yumupenue Jt 
HMM 9. TM. p. He AMMUTHPYeTCA CMHH-peuleTOUHbIM B3aHMoelcTBHeM. Ilo-BE 
AHMOMY, YMCHbILCHHE IIMPHHbI JIMHHH 9. Tl. p. C YBEIMYeCHHEM JVIMHBI Wenn cx 
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MpAKEHHBIX CBASCH OOYC/OBMeCHO BOSpaCcTalolel MeloKkalusaunell s1eKTpoHa 
Mo MHOruM weHTpam (8). : 

BecbMa XapakTepHo To o6cToATembCTBO, YTO OOHapyxKeHHBIe HAMM palH- 
KaJIbHbI€ COCTOAHHA BOSHUKAIOT Y TeX KpaCHTeeH, KOTOPBIe MOrsowjaioT CBeT 
B KpacHoit u OmKHeH UNpakpacHou OOacTAX cneKTpa. Stu KpacuTenu oOObIu- 
HO BeCba ObICTpo oGeciBeyHBaIOTCA B BOMHBIX pacTBopax. C Apyroi cropoub, 
MpH oONTHYeCKOH CeHCHOuJIMsalnH coTorpadMyecKUX IMYJIbCHi erKo pa3spy- 
WWaIOWWMMHCA KpaCHTeIAMH YaCTO Ha- 

OmofaeTcA NOBEIMeHHaA HecTaOuJb- Ta6auna 4 
HOCTh (poTorpadu4yeckux  CBOHCTB. | 


Vmewres yKa3sanua Ha To, uo & ae ee 

CYUMCCTBEHHYIO POM B STHX Mpouec- ° Ze] ” g | £8 | Mi | g-baxtop 
‘ax HrpaeT KHCJIOpoy Bosyyxa (478). 22 Sl Se 

B cBA3H C STHM MIpeMCTaBJIAJIO on- 

peevleHHbIH MHTepec BbIACHUTb BJIN- 4 0 454 | 523 — — 
HMe Ha CNeKTp 9. M1. p. KHCopona { a ae se men 
Bosqyxa. OxasaJlocb, 4YTO OTKauNBa- 3 | 532 | 320 43 | 2°003 
He KpacuTein 2cn =3 2 TeyeHue ot G80 8,0 | 2,003 
4 uac. Jo BakyyMa 2-107® mm pr. >»; 4 | 388 | 605 9,5 | 2,003 
CT. BbISbIBaeT YBeIMYeHHe CHrHavia 6. lama l Zoe é. 

Ha 20—30%. Tlocue nycka B amnysty ae iden! ies avAm bate fe by 
} °C KpaCHTeemM BO3AyXa CHTHaJ 9.1I.p. 2 5380 | 652 15 2,003 
-COOTBETCTBEHHO YMECHbIMNAeTCH, UTO 3 006 | 762 7,3 2,003 
-CBAACTEIbCTBYeT O BSaMMOJeHCTBUK 4 | 582 | 870 see st 
MOJIeKYJ KpacHTeIaA Cc KHCOpoJom Gian ee : ; 

te ae on 

Bo3ayxa. K comavJleHH1io, HaM He 3 656 | 730 45 | 2,003 


YAaJioCcb NOJYYHTb CNeKTPOB 3.1.p. 
pacTBOpoB KpacuTeeH BCeACTBHE 
MX IIOXOH pacTBOpHMocTH. OxHako pe3yJIbTaTbl, CBHAETEIbCTBYIOUIHE O Co- 
XpaHeHHM BeCbMa MOXOXKEFoO CHIHasla 9.1.p. MPH pacTBOpeHuH NoJMpeHHJIBU- 
HMJIeHa, a TaKxKe€ 3€KOHOMEePHbI€ BJIMAHHA Ha CIECKTPbl 9.1.p. H3MCHCHHH B 
CTPYKTYPe WHAHMHOBHIX KpacunTeeH MO3BOAIOT C OO/IbLIOH MOCTOBepHOCTbIO 
YTBepxKaTb, TO PaNKaJbHblIe COCTOAHHA ABJIAIOTCA CBOHCTBOM MOVJICKY,JI 
MCCJICMOBAHHbIX COeCMHeEHHH, a HE UX KPHCTaJWIM4eCKOM CTPYKTYPBI. 
Pe3yJIbTaTbI MIpoBeXeHHOrO HCCIeOBaHHA MOKAa3bIBaIOT, 4YTO NOABJICHHE HEC- 
KOMMECHCHPOBaHHOrO SJIEKTPOHHOrO MarHMTHOrO MOMeHTa B ILMaHHHOBbIX Kpa- 
CHTeEAX CBA3AHO HE C TEPMHYCCKHM BO3OyxKMeCHHEM, a C OCHOBHBIM COCTOAHHEM 
MOJIEKYJI KpacuTeA, Mpv4eM B KaxKJoH MoseKysle umeetca 10-* crMHOBO MuoT- 
HOCTH. 
B 3aKJoueHHe aBTOp BbiIpamaerT riyOokyio OularofapHoctb JI. A. Baromen- 
denbay u VW. H. Jlesxoesy 3a nomomtb B padoTe. 


VuctatyT xumuyueckoh dusuku Tocrynuso 
Axanemun Hayk CCCP 18 IX 1959 


IMTHPOBAHHASH JINTEPATYPA 


15. M. Kosupes,, AH, 81, 427 (1951). 2A.T. Céemenos, H. H. By 6- 
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1OBbeB, KypH. wayun. 4 mpHks. hotorp. u kuHemaTorp., 2, 260 (1957). © 10. IU. Mo w- 
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Jloxazann AkaweMuun Hayk CccCcP 
1960. Tom 130, Ni 6 


PH3HYECKAA XHMHA 


r. M. MAHYEHKOB u FO. M. )KOPOB 


METO OMPEQEJIEHHA KHHETHYECKHX KOHCTAHT 
MW OBJIACTEM MPOTEKAHHA XHMHYECKHX PEAKIMA, 
OCYINECTBJIAEMbIX B MOTOKE 


(IIpedcmaeaeno axademuxom A. B, Tonauesoim 2 X 1959) 


Iupokoe ucnombsoBaHke B JladopaTOpHOM HM MpOMbILUNeHHOH MpakTHkKe Xu- 
MHUeCKHX MIPOleccoB, NpoTeKaloulHX B NOTOKe Np HeH3MeCHHOM oOujem apue- 
HHH, MOTPeOOBasIO Pa3sBHTHA KJIaCCH4YeCKOM XMMMYCCKOH KHHETHKH, CO3aHHOH 
JIA MpoueccoB, MpoTeKaroulH“X pH HeH3MeHHOM OO>eMe. 

O6ue ypaBHeHHA KMHETHKH MPOTOUHbIX peakUMH faHbl B padoTe (*) B 
Buje: . 
JIA TOMOPeHHbIX peakiHi 

Noa, dX, 


p it (1) 


AJA TeTepOreHHO-KaTaIUTHGeCCKUX peakiHi 
Non, AXp, 
So al 


=W,, (2) 


rye Noa; — CKOPOCTb MOWawHw BewlecTBa Aa Xa; — CTCENCHb TIPEBpaujeHHA Be- 


iecTBa A;; p H /—cooTBeTCTBeHHO ceyeHHe H JIMHa peaKUMOHHOrO mpo- 
cTpanctsa; W u W;—ckopocTH COOTBeTCTBeHHO FOMOreHHOH uM reTeporeHHO- 
KaTaJIMTH¥eCKOH peaKUHH, H3Mepsemple m0 BellecTBy A;; s,— MOBepXHOCTb 
KaTaJlu3aTopa Ha CHHMUY JWIMHbI peaKUHOHHOrO MpocTpaHcTsBa. 

Han6oulee pacnpocTpaHeHHbIM MeTOJOM H3YYeHHA KMHETHKH MpOTOUHbIX 
peak ABJIACTCA HCCJIEMOBAHHe 3aBHCHMOCTH M@xKIY CTeNeHbIO NpeBpanjeHua 
xX WM CKOPOCTbIO MOfayH pearenta n,. OHaKO 3aBHCHMOCTb X OT Ny He MO*KeT 
ObITh HelocpeACTBeHHO OOpadoTaHa Mo cbopmyviam (1) u (2), Tak KaK B HUX BxoO- 
AT nepemenupie x uv /. Tlostomy AIA MowyYeHHA HHTerpaJIbHbIX KHHETHYeCCKUX 
3aBHCHMOCTeH IIPHXOAMTCH 3aflaBaTbCA BHJOM KHHETHYeCKOTO YypaBHeHuA 
W = (x), Moce vero HHTerpHpoBaHne YpaBHenuii (1) u (2) craHoBUTCA BoO3- 
MO?KHbIM. EcJIM SKCIePHMCHTaJIbHbIe JAHHbIC COOTBETCTBYIOT MOJIyYCHHbIM TAKUM 
006pa30M COOTHOIeHHAM, CUHTAIOT, YTO MPeMNONO%*KeHHAA KHHETHKA NpaBubHa. 

Tako MeTO] OKa3aJICA BeCbMa IJIOLOTBOPHBIM HM JlaJI BOSMOXKHOCTH U3y- 
WHTb KMHETHKY psa peak (*). OHaKO BO MHOrHX CLy4aax 3aTPyAHUTebHO 
chelaTb MpesnooKeHve 0 Bue KUHeTHYeCKorO ypaBHeHuA. Kpome Toro, AWA 
reTeporeHHO-KaTaJIMTHYeCKMX peak MpH HalMuMH Audpby3vonHoro TopMo- 
*KEHHA HaOJIOMaeTCA WCKayKeCHHeE KHHETHKM; TaKHM OOpa3zom, TpeOyercs npo- 
BOAUTb 9KCNepHMeHT B KMHETHYeCKONH oOOMacTH. 

Jia Toro YTOObI CheaTb BOSMOXKHLIM OMpeeeHHe KMHETHYECKUX KOHCTAHT, 
He 3aaBadCb M€XaHH3MOM peakitMi, a TakxKe AIA onpedeneHuA oOacTu mpo- 
TeKaHHA peakKUMi Hamu paspaOoTaH rpacbwueckuit MeTOA u3yYeHHA KMHETHKY: 
C HCMOAb30BaHHeM SKCIEPHMCHTAJIbHBIX KPMBbIX 3ABUCHMOCTH xX OT Ny. Tlomb- 
3YACb STHMH KPUBbIMH, MOXKHO HEMOCPeACTBEHHO H3MEPHTb CKOPOCTb peaKWHH, 
BbIPaXKeHHY!0 Yepes MepeMeHHbIe x UM Ny. C STOH WebIO MpoHsBekem 3aMeHy 
I€peMeCHHBIX B YpaBHeHHAX (1) u (2) cremxyromuM oOpasom. 
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Hurerpupys ypapuenue (2) no / or 0 go / u no x or 0 no xX, TOJY4HM 


(3) 


Aubpepenuupya BbIpaxenue (3) m0 No, HaxOJHM: 


x 


\ dx 
ee asd ax 
ne de aan 


(4) 
< n® dx . 
Sener Ere, 
Ws ia Sol diy ; 77 
AnaJIOrH4HO Jin TOMOreHHbIX peakiluH HaxOJHM 
iy Se onl 16) 


Bpipaxkenua (5) u (6) NoO3sBousOT HaliTH CKOpocTb peaKIMM M3 KPMBbIX 3a- 
BMCHMOCTH X OT Mo, TaK Kak dx /dny ecTb TaHTeHC yrsia HaKJOHa KPHBOM K 


MON. CO/1U 


4 6 6 0 t@ & 6 (8 2 Lemonbfcer 
10° 


Puc. 1. OkcmepHMeHTaMbHbIe KPHBbIe 3aBHCHMOCTH xX OT No 

Jif KP€KHHTa KYMOJIa DpW atTmMocepHoM aBJeHHH Ha 

AJIOMOCHJIMKAaTHOM KaTaJIH3aTOpe MPH pas/IMuHbIX Temme- 

patypax. dx/dno = — tg (180° — 91) a1, rae a — Kosbhu- 
I[Me€HT, 3aBHCAMLMu OT BbIOOpa MacuITaGa 


CH cKopocTeli noToKa. TakHM 00pa30M, NOABJIAeTCH BO3MO2%KHOCTb H3y4aTb KH- 
eTHKY peaKUHii, HCXOJA H3 SKCICPHMeHTAJIbHBIX MaHHBIX, He 3aaBaACb 3a- 
aHee MexXaHH3MOM peakIlui. 

PaccmoTpuM, HanpvMep, MeToy onpeyesienua sHeprun akTuBalluH. B obujem 
yyae fia HeoOpaTHMoH peaKUMH MOKEM NOJOXKUTS 


W,=k(T)f(C) = Pe-#RTY (C,, 2), (7) 


e k(T) — KouctTaHta cKopocTH peakunu; P — pe SKCNOHeHUMasbHbIA MHO- 
utemb; E — 2ueprua akTuBaunu; R—ras0paa NocToAHHas; 7 — TeMmepaty- 
ombita; C— Tekyulad KOHUeHTpallusa peareHta; C, — Hata/bHad KOHICHTpa- 
MA peareHTa. 

[Ipupapnupas mpapble uacru (5) um (7) M JlorapudMupyaA moJy4eHHoe pa- 
HCTBO, HalijieM 


d JR 3I : 
In (ni) Gaya RPGC ik) Sol (8) 


* Kak puguo ug comocraByieHua (7) c (6), AH TomoreHHBIx peakiHH ypaBHeHue 
“TaeTca TeM 2Ke, HO B Hero BMecTO So BXOJHT p. 
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HI 


2 dx nt ee te j 
a & se kos, as Rae constyanx- (9) 


CyleqopaTesibHO, 3aBHCHMOCcTb In (— ni =) OT + siMueHHa TIpH HeH3MeH- 
HbIX HaWaJIbHbIX KOHICHTpalMAX HM CTeMeHAX MpeBpauleHHA, NPHYeM BeM4IHHa 
9HeprHH aKTMBallH4H MOXeT ObiITb HaliqeHa H3 yrsoBoro KoaPPuUMeHTAa Ip AMOM. 
[lp HeusMenHom o6ulem yaBseHuu C, sapucut oT T, HO M3MeHeHHeM Cy C 
TeMMlepaTypol Mo2KHO npeHeOpeyb Mo cpaBHeHuIO Cc usMeHeHHem Rk. B cayuae 
KpekuHra yraieposopoyos W = @ (x) (°) u cootHomlenve (5) ABAeTCA CTPOrHM. 

Tipu nepexoge B AuddpysnonHy!0 OOacTb HaOmoqaeTCA CHH2KeHHe SHEprHy 


q dx 4 
AKTMBAILMM, a 9TO TIPHBOAUT K UMCKPHBseHHIO WHHHM In (— ig iz) =F (=) 


TeM CaMbIM MBI NOJYYaeM BOS 
MOXKHOCTb U3MeCPATb SHeprHk 


40 aKTHBAallHH B upiy3sHoHHoH 06 
jlacTH, UCHOMb3YA MpOTOUHBIE 

Bb peakTopbl. OTMeTHM, 4TO Hp} 
ue mlepexoye B Auddbysnonnyto 06 
O74 jlacTh HaJlOKUTCA UM ABUE 
St Hve W3MeHeHHA Bua b (Co, x) 
g 28 ofHakO OHO O6yfeT Mast 
5 CKa3bIBaTbCA Mp oWeHKe SHEP 
aw THM aKTHBalluH. | 
425 450 54 458 62 8B 450 Hamu mpopeweno u3yyeHui 


3 ‘ 
Brrr KHHETHKM KpeKMHra KYMOJIa 1 
IUMPpOKOM MHTepBasie Temmepa 


Puc. 2. 3asucumocts In const {— n? - ) or - noay- TYP M OObeMHBIX CKOpocTeli Hi 
yeHHad OOpaboTKOH KPHBbIXx put. 1 a6 dopmyse (9). pO aJOMOCHIES 
KaTHOM KaTaJIM3aTope Cc pa3 
I—x=0,8;2—x=0,5. teg_=— Fo, TAC wepom mapuKa 0,42 cm. Or 
@2 — KosppuneHT, 3aBUcauHi oT BEIGopaMaclTaba peakILMA HCMOb3yeTCA KaK MO 
JebHast IpH U3y4YeHHH CBOHCTI 
aJOMOCHIMKATHBIX  KaTaJIM3ATOPOB, MO3TOMY  ABJIACTCA CYMCCTBEHHBIN 
BbIABJICHHE YCJIOBHH, B KOTOPbIX He HCKaxKaeTCA HCTHHHAA KUHeTHKA peak 
WMH. 
ONBITEI MpOBOAMIHCh C KYMOJIOM, OUHMIULCHHBIM OT rHAponepekucei, ABIL ALO 
IMXCA HHFHOMTOpaMH KPeKHHTa, B CTaHJapTHOM MpoTOuHOM peakTope MMH} 
u ITI (onucaune Taxoro peaxtopa cm. (4)). Ilo pesyabTaTamM 9KCIepHMeHTOB 10 
CTPOCHbI AIA pala TeMiepaTyp KPHBbI€ 3ABHCHMOCTH X OT M,, IPHBCACHHBIe Hi 
puc. 1, npw4uem MeTodMKa SKCIepHMeHTa HM aHaJiv3a Oplla TaKOli %Ke, KaK B pane 
IIpOBeAeHHbIX paOoTax (5). | 
YisioxkeHHbIi BbILIe MeTO Obl UCNOMbSOBaH AVIA ompesenenua 9Hepral 
aKTHBalwHH KPeCKHHra KYMOJIa B AMpPpy3HOHHOH WM KUMHeETHYeCKOH oOslaCcTAX 
‘C aToH Webio U3 pe. | Obi HalieHbI CKOpocTH NosauH u YyrsOBbIe Koapepu 
IM€HTbI KPHBEIX B TOUKaX, WIA KOTOPpHIX x =0,8 u x =O0,5. Bawa mpe 
Lone eoraeo rs 3THX BeIMUHH MoO YpaBHeHuio (9); pesybTaTHI NpHBeTeHI 
B Ta6w. 1. 


Ilo Jannpim Ta6n. | nocrpoeHb! KpHBbIe 3aBHCHMOCTH In const (- ne a) 
No 


4 
$ (puc. 2). W3 puc. 2 BuHo, 4TO pH HHsKHX TemMepatTypax (KuHeTHUE 


CKaxH oOOJacTb) HaOJHOMaeTcaA JMHeliHad 3aBUCHMOCTb, a MPH BLICOKUX (aucbdy 
3HOHHaA OOaCTb) TouKH oOpasyioT KpuByio. U3 puc. 2 MomHo naliTu BC 
oO6lacTH MIpoTeKaHHA peakUMHM KPeKHHTa KYMOMa Ha HCMOMb30BAaHHOM KaTé 
JIM3aTope TO M3MeHeHMIO C TemMepaTypoH BeNHUMHbI HaOO,aeMol sHeprHn 
aKTHBallun. 
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ALcLowymmign al 


O6paborka sKcNepHMeHTaNbHBIX KPHBLIX 3aBHCHMOCTH xX OT fy IpH TMOMOLLH 
opmyat (9) 


jie AE Xx, MON. Ron 180° — Cas ‘ n2.4 010 xK In [n2-101° x 
MOMP/CEK Ie te (180° — @)| x te (180°— @,)] 
| 
400* 0,8 43,5 3,8 13,5 2,6 
4A2* 32 5,8 19,7 2,98 
434 30 6.8 26,6 3,28 
450 gee 98,5 7.5 30,6 3,42 
468 17 10.9 35,7 3,57 
490 12,5 13,4 39,8 3,68 
510 44 14.8 42,6 3,75 
377 0,5 22 9 32,4 3,47 
386 19,5 44 43,3 3.76 
400 14.5 18 65 416 


* OkKcTpanoupoBano. 


1. BuyTpenuad KuHeTH¥eCKad O6aCTh peasM3yerca Jo Temmepatyppi 410°. 
B sto oOmacTH BeMYMHAa SHEPrHu aKTMBAIMH ABJAeTCH HaHOoJIbUeH U Co- 
crapaaeT 26,0 kKaJ/MoJlb. 
2. BuyTpenuaa Auddby3voHHaa o6NacTb Ha6ogaeTca mpu 430—460°, Tak Kak 
'306Cb 9HEPrud aKTHBALLMH COCTaBJAAeT OKOJIO 12 KKaw/MOMb, T. €. 61H3Ka K NOJO- 
BHHHOMY 3HaYeHHIO SHEPrHH aKTMBallHH B KMHETMYeCKOH oOacTH. 
3. BueuwHaa Quddy3voHHad oOlacTb HauMHaeTca Bpe 490°. DHeprua ak- 
THBalWu CHM KaeTCA MPH 93TOM JO MUHHHMaJIbHOrO 3HaYeHHA, paBHOoro 
3,3 KKaJ/MoJb. 

4. Mexay 410 nu 430° sHeprua akTuBalluH mpoGeraeT 3Ha4eHHA OT 26,0 Jo 
12 Kkas/Moub, HU, CIeMOBaTeIbHO, peakKIkMA MpoTekaeT BO BHYTpHNepexoLHOH 
oo0ulactTu. 
5. Mexay 460 u 490° peakuuaA mporekaeT BO BHemIHeNepexoHOn oOacTH; 
9HeprHA aKTHBaLLMH MeHAeTCA mpH 2Tom oT 12 Jo 3,3 KKas/Moub. 
Pas3yMeeTca, PpaHHIlbl KaxKJOH OOMacTH HeCKOJIbKO YCJIOBHbI, HO TaKOe pas- 
rpanuuenue oOsactTel oOulempHHATO BCJeACTBHe yoOcTBa aHasiN3a. OTMeTuM, 
¥TO HaJIMYHe BHYTPeHHErO H BHELIHero Aupy3HOHHOrO TOPMOKEeHHA NOATBEPXK- 
HeHO OMbITaMH Ha pa3{poOJIeHHOM HM CNe4eHHOM KaTaJIM3aTopax. 
Takum o6pa30M, rpaduyeckui MeTOX aHasIW3a SKCIePUMEHTAJIbHBIX KPUBbIX 
NOSBOJIMJI HaM oMmpeseituTb oOacTH TpoTeKkaHHA HW HaOJOWaemMble SHEP ak- 
THBaLMM, He mpHOerad K KaKUM-sHOO aHaJIMTHYCCKHM MOCTpOeHHAM. OTOT Me- 
To, MOxKeT ObITb HCNOMAb30BaH UH WIA onpeleleHHA ApyruX KMHETHYECKUX KOH- 
eTaHT, a TaKxKe JIA KOJIMYECTBEHHOrO CpaBHeHHA AKTMBHOCTH pa3JIMUHbIxX 
KaTaJIH3aTOpoB. 


UnctutytT HedpTexuMHyeckoli Tloctynuso 
H Ta30BOH TIpOMbILUNeHHOCTH 20 IX 1959 
um. MW. M. Ty6Kuna 
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Jloxuanp AkKaweMuu HayK cccP 
1960. Tom 130, Ne 6 


PH3HYECKAH XHMHA 


A. K. MMCKYHOB, J. H. WMPOPHH, B. HX. CMMPHOBA x B. H. CTEMAHOB 


CHEKTPbI 3JIEKTPOHHOrO MAPAMArFHHATHOFO PEZOHAHCA 
HEKOTOPbIX BHYTPHKOMMJIEKCHbIX COEQMHEHWM MEJIM 


(ITpedcmaeneno axademuxom B, A. Kapeuxonm 18 VIII 1959) 


B nactosei pa6oTe H3yY¥asIMcb CIeKTpbI 9JIEKTPOHHOTO NapaMarHuTHOrO: 
pesoHaHca (9.11.p.) BHYTPHKOMMJIeKCHBIX COeMHHEHHM Meu, KOTOpbie OHA O6- 
pasyeT C pa3vIM4HbIMH a30coeqMHeHMaMH (1), a Tak2Ke C SHOJbHbIMA (OpMaMH. 
alleTHJlalleToHa HM alleroyKcycHoro 3cpupa (?). 

Vi3mepeHve MarHUTHbIX MOM€HTOB S9THX COCAMHEHMM MOKAa3bIBaeT, YTO ATOM 
MeqH OOpa3yeT XHMHYeCKHe CBA3H C yYaCTHeM JBYyX BaJIeCHTHbIX 3JIEKTPOHOB. 
EculH HCXOJHOe BaJICHTHOe COCTOAHHe aTOMa Meu d*sp, TO B COeAHHEHHH OH JOWI- 
*%KeH OGaaTb OMHHAM HeCMapeHHbIM 31eKTPpOHOM. M3BecTHO, 4YTO aTOM MeTAaJIJIa | 
OMHOBPeMeHHO OOpa3yeT B MOJIeKyJIe BHYTPHKOMIMI€KCHOFO COeMHeEHHA CBA3CH 
GovIblue, YEM YHCJIO YUaACTBYIOWINX B UX OOPasOBaHHH BaJIeCHTHbIX 3JIEKTPOHOB. 
Tak HampuMep, aTOM MeM yuacTByeT B OOpa30BaHHH cBxA3eH JBYMA BaJIeHT— 
HbIMH 93/1eKTpOHaMH, a OOpa3yeT B MOsIeKyJIe alleTHJalleTOHaTa UeTHIpe. 
PaBHOWeHHbIe CBASH. SOTO MOXKHO OObACHHTb TOJIbKO TEM, YTO ATOM MeTaJiJIa 
BHYTPHKOMIMJI€KCHBIX COCERHHEHMM HeMocpeACTBeHHO y4acTByeT B M-3JIeKTPOH- 
HOM B3aHMOJeHCTBHH cHcTeMbI. MexaHu3M 9TOrO B3aHMOJeHCTBHA MOKeT OBITH: 
pasviM4HbIM. MoxHOo nMpeAnovlaraTb, YTO OMMH HW3 SJIEKTPOHOB aTOMa MeTaJiJIa,, 
HCIOJIb3yA CBOIO P-OpOuTY, OMHOBPpeMeHHO B3aMMOJeHcTByeT C A-3/eKTPOHAMH 
COCeMHHX aTOMOB H MOCpefCTBOM NOCJIeMHHX C M-3JIeKTpOHAMH BCeH CHCTeMBI. 
Bo3MOx%XKHO TakiKe BKJIIOUeHHe CBOOOAHOH p-OpOHTbI aTOMa MeTaJIJIa B -3J1eKT- 
POHHOe B3aHMOsJelicTBHe C COCeqHHMH aTOMaMH. PelleHue Bompoca o «moBese- 
HMM» HeCMapeHHOro SJIeKTpOHa MeTaJia (KaK B Culyuae alleTHJialleTOHaTa MeyH) 
MpeAcTaBIAeT BarxKHY!O TeopeTHyeckylo 3afauy. B yacTHOCTH, JOURKeH ObITb pe- 
IN€H BOMPOC: JOKaJIM30BaH JIM HechapeHHbI SJIeKTpOH Ha aTOMe Me HJM. OH 
«JeIOKaJIM30BaH» (MepepacnpeyeeH) B MoseKyvie. B TOM culyyae, eC Je0Ka- 
JIM3allHA SICKTPOHA HMeCeT MECTO, TO BaXKHO BBIACHHTb, KaK BJIMAIOT CTPYKTYp- 
Hbl€é H3MeHeHHA B MOJIeKyJle Ha XapakTep 9TOrO ABIeHHA. Ilogqo6HOro pola 3a- 
aun MoryT ObITb B KaKOH-TO Mepe pelleHbI MPH NOMOULM H3y4eHHA CMeKTpOB Mor- 
AOWeHHA 9.11.p. B TOM csly4ae, Kora HaGsOfjaeTcCA CBepXTOHKaA cTpyKTypa 
(c.T.c.), HO YHCJIY JMNM C.T.c. M HX HHTCHCMBHOCTH MOXKHO ClleaTb OnpeseeH- 
Hbl€ 3aKJIIOUCHHA O NOBeeHHM HeCNapeHHOro SJIeKTPOHA B MOsIeKysle. OHaKo 
W3-3a4 HaJIM4YHA OOJbIOTO OOMeHHOTO B3aHMOJeHCTBHA B KOHJCHCHPpOBaHHbIXx 
CMCTeMaX NapaMarHUTHBIX BellecTB C.T.c. HaOmofaeTca peyko. [pu coorserct- 
BYIOILEM pasOaBJIEHHM YaCTO ylaeTCA CHATb OOMEHHOe B3AMMOJelcTBHe H TAaKHM 
o6pa30M NOYYHTh HeOOXOAMMple cBeqeHuA. JIA MHOTUX BeUeCTB OUeHb TPYyI- 
HO MofoOpaTb pacTBopuTeM, KOTOpHIe Obl BddeKTHBHO CHHMaJIM OGMeHHOE B3a- 
umojelicTBue. Kpome Toro, JWist HEKOTOPbIX MOJIeKyJI Jaxke Ip ycOBUM paspe- 
IN€HHA C.T.C. He BCera MO2XKHO MpoaHasIM3upoBaTb cieKTp. IIpumepomM Moxer 
CIYKUTb HaOMOLaBuiMuca J>Kapperom u Croyxom (°) cnextp 0,001 M pacrsopa 
TpHeHHJIMeTHJIa B OeH3OuIe, COCTOAUMH He MeHee 4emM H3 72 KOMNOHEHTOR. 

Ham npefcraBiaetca, YTO B HeKOTOPbIX C/IyY4YaAX, B YaCTHOCTH B csyuae 
HCCA€QOBAHHBIX HAMM BHYTPHKOMMJICKCHBIX COeMMHEHUM MeQM, pA KavecTBeH- 
HbIX 3aKJIOUCHHH O BJIMAHMM MpHpOAbl M CTPOeHHA TpyNn, OKPyxXaloulux aTOM 
MeH, MO*KHO CilelaTb, COMOCTABJIAA CIEKTPbI 9.11.p. KOHJCHCHPOBaHHbIX CucTeM, 
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|MOCKOJIbKY JeOKaJIu3allun HeclapeHHOro JJIEKTPOa, B CHJIbHOH Mepe 3aBHCHt- 
| Ula OT Npupoh OKPYyKalouluX aTOMOB HM 4MCJla -SJIEKTPOHOB B CHCTeMe, JOJIXK- 


| Ha CKa3bIBaTbcCA Ha OOMCHHOM B3aHMOJeCHCTBUH, a CJI€MOBaTeJIbHO, Ha WHpHHe 
|JIMHMW NOPomenug. 
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Ta6auua 1 (mpogomKeHne) — ! 


—_————— 


Iupuna Marautubiht / 
NoNo CoequHeHua JIHHHH, TC g-PaktTop MOMeHT, MO’ 
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B ta61. | npuBeseHbl HccleqOBaHHble HAMM BHYTPHKOMIWJIeKCHbIe COEAMHE-. 
HHA MeJH MW MOJIYYeHHbIe WIA HX 3HaveHHA WupHH HHH AH (Mexay TouKaMH) 
MAKCMM@JIbHOrO HakJIOHa) Ha uacToTe 9370 Mri g-pakTOpOB HW MarHHTHBIX MO-_ 
MeHTos. Ecuim Qua allerualeronata Menu (1) AH = 158-+-10 rc, To npu BBe- 
€HHH B MOJIeKyJly 3amecTuTeel O= C — OR (II) u (C1) (111) auHuu nornome- 
HHA CTaHOBATCH 3aMeTHO y>xxKe (cooTBeTCTBeHHO 75 + 5 u 56 +3 re). T pynna 
O= C —OR JomxKua Ooslee aKTHBHO YYAaCTBOBATb B -3/IEKTPOHHOM B3aHMO- 
JeHCTBHH, YeM BoRopor. Emje 66/1bLIy!0 AKTHBHOCTh JOJI2KEH NPOABJIATb ATOM XJIO- 
pa, Y4aCTBYIOWMH B 3-3/IEKTPOHHOM B3aMMOJeHCTBHH MOCpeACTBOM HenofeJeH-, 
HOW Mapbl 9ieKTpoHoB. Ilo-BuqHMOMy, 9TO BSaHMOJeHcTBHe cnocoOcTByeT Jes0- 
KaJIM3allMH HeCiapeHHOrO SJIeKTpOHa, YTO CYIeCTBEHHO CKa3bIBaeTCH Ha 
OOMCHHOM B3aHMOJeCHCTBHH, TIpHBOAALLeM K CY2KeHHIO JIMHMH MOTIOWLeHHA. 

B cnekTpax 9.1.p. BHYTPHKOMIVICKCHBIX a30COeJHHeEHHH MegH (*), cofzepxka- 
W{HX asorpynny —N = N — u Oovee Ooratbie N-3/IeKTpOHAMH TpyMllbl, BeJIMUH- 
Ha AH craHopytca ele Meubile. Tak, Jia coetuHenua IV BenuunHa AH meub- 
ue Ha 40 re, 4eM y alleTHJialleroHaTa MeqM. Beegenne aToMa XJlopa B a3s0coelH- 
HeHHe, OCOOeHHO B OPTONOJIOXKeHHe MO OTHOMIEHHIO K a30rpynne,Tak Ke Kak H B. 
culyuae alleTHslalleTOHaTa Me, MIpMBOAHT K CHJIBHOMY CY?KeHHIO JIMHHH 9.11.p. 
3 ra6a. 1 BuAHO, YTO CoemHHeHHe V uMeeT B 2,5 pa3a Gowlee y3KYIO JIMHHIO, YeM 
IV. IIpu Hanvunu JByX aTOMOB XJIOpa B MOJIeKysle a30coequHeHuA VI Ha6sI0- 
AaeTca elle OosblUee CyKEHHe JIMHHH (38 rc) No cpaBHenuto c V. Eciu atom xm0pai 
pacnoslox%KeH B a30COeAHHEHHH He B OPTOMOJIOKEHHN NO OTHOWEHHIO K a3s0rpyn- 
ne, a B Oovlee yaJleHHOM OT Hee NOwIO2%KeHHH (Kak, HallpuMep, B VIII), To B TOM 
culyuae HaOJOqaeTca yluuMpenne HHH (B VIII 79 rc, Torga kak B VII 29 rc). 

YeeMYeHHe YHC/a T-3IeKTPOHOB B MOJIeKyJle CONMPOBOwKMaeTca cyKeHHeM 
JIMHMM MOPVIOUeHHA. ITO BHAHO H3 CONOCTaBIeHHA pe3yJbTATOB, NOJyYeHHbIX 
Aa coequHeHuH V u VII. Cnenyer Takxxe OTMETHTb, UTO ATOM XOpa, pacnoso- 
*KEHHBIM B OPTONOJOXKeHHH, BIMACT Ha WHPHHY JMHMM Topasqo CcuubHee, YeM 
BBeweHve rpynnpt OR (1X). 

PaccMoTpeHHbie (bakTbl YKa3bIBaIOT Ha TO, YTO HeCHapeHHbIli S7eKTPOH aTO- 
Ma MeJ\H adppeKTHBHO B3auMOJelCTBYeT C M-9/IEKTPOHAMM a3Orpynnbl UH mocpeyct- 
BOM TIOCJI€QHUX C N-3JIEKTPOHAMH BCeli CHCTeMbI. OTO BSaHMOJelicTBHe, M0-BH- 
AMMOMY, CYl€CTBeEHHO CKa3bIBaeTCA Ha OOMCHHOM B3aHMOJeHCTBHM 3JIeKTpOHOB 
aTOMOB MejIM, MpHBOAALILeM K CYKeHHIO JIMHHH NorionuleHusa. BBeyenue B Mouie- 
Kyy 3aMecTuTeeH OyeT NPUBOAUTb K HSMCHEHHIO KPHCTaJMYeCKOH pelweTKH,. 
4TO JOJ2KHO CKa3bIBaTbCA KaK Ha OOMCHHOM B3aHMOJeHCTBHH, Tak Hi Hal BHYT- 
PeHHEM KPHCTaJJIMYeCKOM T1OJle, BJIMAIOULeM Ha (OpMy HW WIMpHHy HHH BCTel- 


1286 


' 


TBHe aHHSOTPONHH g-PakTopa. OrMeTHM, 4TO BCe JIMHHMV MMeJIM CHJIbHYIO aCHM- 
€TpHIO B CTOPOHY MeHbIUMX NoJeH. HaOmtofaBuineca dbakTbl HUKaK HeJIb3S. 
ObACHHTb TOJbKO H3MeHeCHHEM OOMeHHOFO B38aHMOselicTBUA 3-38 YNOMAHYTOM 
BbIWe IpHYHHbI. Tak, np Mepexofe oT alleTHalleTOHaTa K ero NpoOuSBOAHBIM I] 
m III paccrosune Mex]y MojeKyJlaMH yBeHUMBaeTCA, a CJICLOBATeIbHO OOMeH- 
Hoe B3aHMoselcTBue Cu —Cu jou2KHO yMeHbIlaTbcA. Tem He MeHee, HaGvlIO- 
aeTCA pe3kKoe CyKeHHe JIMHUH. P 

Kak BHAHO 3 Ta6u. 1, AA allerHalleToHata Meu HM ero NPOW3BOHEIX MPH 
iepexoye OT OfHOrO BelllecTBa K JIPyroMy Cc YLIMpeHHeM JIHHHM 3aMeTHO H3Me- 
HACTCA BeIM4HHA g-pakTopa. OnHaxko u 
AaHM3OTPOMHbIM YIIMPeHHeEM TOXKe HEIb3A 
ObACHUTb HaOJOJaeMbie 3aKOHOMepHO- 
TH. JleTasIbHbI aHa/IM3 CieKTpos, M0- 2a fal i a 
YUCHHBIX JIA a30coeqHHeHHH, He JaerT 


CHOBaHHii Lid OObACHeHA U3MeHeHUA mm se noenougentA 
MPUHbI JIMHHH TOKO 3a CueT aHH30- amie 
ponmHoro yuMpenus. 
Bovsiee onpesesieHHble BbIBOJbI MOKHO 
flelaTb, UCCJeqoBaB pacTBOpbI yKa3aH- 
HbIX coeqHHeHUi. \ Junwr 
Hamu nowyueHHbl 3anucu cmext- : TID GUE a in 


pOB paCTBOPOB HeKOTOPBIX coeNHeHnt 


Puce. 1. [[ponssogupie 1MHHH NorsoujeHHs! 
BOeHsone, XNOpodopme, AHOKCaHe 1 9.1. p. Ha uacrote 9370 Mru; 0,01/M pacrso- 


Apyrux pactBoputessx. Ja pactBopor pbl coegzunennit VIII nu VI B 6ensone 
jalleTHJalleToHaTa Mejlu (cnHH-So« = 0, 


iScu = 3/2) CMeKTp aHasloruyeH creK+ 

Tpy, MonyyenHomy Max-lapseem (°); omnaxo pay azocoeyunenul plaeT Gouee 
CIOXRKHbI cneKTp (CM. HanpuMmep, pyc. 1). TlospneHue monosHuTenbHOrO 
CBEPXTOHKOrO pacilenseHHA (HavOoslee WHTeHCHBHO! NHHUM), COCTOAIero us 
|IATH KOMIIOHEHT, OOYCJIOBJ€HO B3avMOjelicTBHeM 93IeKTpOHa aTOMa Meu 
c afpama as0oTa (Sn»=1) asorpynn. Hannune u xapaxtep ononuuTeb- 
HOrO pacllenJIeHHA 3aBHCAT OT COCTOAHHH ATOMOB a30Ta a30rpynnbl (paBHo- 
WeHHOCTH H HX KOMMJlaHapHoro pacnosomwKeHHA) B COeAMHEHUH. 

TakuM oO6pa30M, TlOJyYeHHbIe 9KCHePHMeHTabHbIe JaHHbIe CBUseTebCT- 
BYfOT O HaJIMYMH ONOCPpeACTBCHHOFO yyacTHA HeCIiapeHHOTO 3JIeKTpOHa aTOMa 
Me BHYTPHKOMIIJICKCHBIX COC MHeEHHH BO B3aMMOJeHCTBHH C ™-9JIEKTPOHaMH 
CHCTeMbI, H O TOM UTO 9TO y4aCTHe 3aBHCHT OT TIPHpoObl H CTPOeHHA OKPy- 
MAawOlWUX Tpyrill. 


HayuHo-uccnegopatenbcKHii (pu3HKO-XHMH4eCKHM HHCTHTYT Tocrynus10 
um. JI. A. Kapnosa 15 VIII 1959 


MockoBcKHit XHMHKO-TeX HOJIOTHYeCKHH HHCTHTYT 
um. JI. HU. Mengeneesa 
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PH3BHYECK AA _XHMH# 


A. C. YEPKACOB 


O NPOABJIEHHW ME)KMOJIEKYJIAPHbIX BSAMMOJEMCTBHA 
B CHEKTPAX ®JIYOPECHLEHUMH PACTBOPOB 
ALLETHJIAHTPALLEHOB _B CMECAX PACTBOPHTEJIEM 


(II pedcmaeaeno axademuxom A. H. Tepenuxoim 19 X 1959) 


VUspecTHo, YTO MOJO*KeHHE CMeKTPOB CPyopecWkeHUHH MHOPHX OpraHHyeCKHX 
COCHMHEHHH BECbMa CHJIbHO 3aBHCHT OT pacTBopuTeda (15). 

UcciehyaA CleKTpaJIbHbIe CBOHCTBA MpOHSBOAHbIX AaHTpalleHa, Mbl Halwiv 
YTO CHeKTpbI lyopecueHuuN |- H 2-alleTHJAaHTPalleHOB TaK2Ke CHJIbHO 3aBHCAT 
OT IIpHMeHeHHOro pacTBopuTeia *. [IpH mepexofle oT HeMoOuJIApHOrO pacTBOpH- 
Te@JIA, H-TeKCaHa, K OAHOMY H3 HaHOovlee CHJIbHO CMEIMaIOuHX CMeKTpbI. pacTBO 
puTeslei, Bowe, MoJlIoKeHHe MakCHMyMa (qpbJlyopecileHiMH cmemlaetca y 1-alle- 
THaHTpawena c 22 450 cm! 20 17 500 cm=1 uw y 2-aneTumaHTpamena c 23 450 cm~? 
no 18500 cm-!. B nowapHpix pacTBOpHTeIAX CMeKTp CMVJIOWHOH, a B HeNo- 
JIAPHOM H-rekcaHe HaOsuoaeTcA KOJIeOaTeIbHad CTpyKTypa, OCOOeHHO XOpollo 
BbIpaxwkeHHad y 2-ameTuanTpaneHa. TlomqomeHue chekTpoB MorsoueHua pH! 
9TOM H3MCHACTCA BeCbMa He3HaUHTeIbHO H HaOsMOAaeTCA JIMIIb pasMbIBAaHHe 
KoJIeOaTeIbHOH CTPYKTYPbl B MOJIAPHbIX pacTBOpHTesAX **. 

OG6paulaeT Ha ceOA BHHMAHHE TO, YTO OCOOCHHO CHJIbHOE CMeIILeHHe CHEKTPOB 
BbISbIBAIOT THAPOKCHJICONepxKalllMe COeAMHeHHA: Boda, TIMUepHH, ITHJIEH- 
rIMKOJIb, OMHOATOMHBIe cuMpTEI. MoxHO ObiWwIo Obl NOMbITATbCA CBA3SATb 3TOT: 
(pakT C XapaKTepHbIM AIX STO FpyNMbl pacTBOpuTeleH BbICOKHM 3HAaYCHHEM 
JM2ICKTPHYeCKOH MOCTOAHHOH (&) (*), OMHaKO STOMY MpPOTHBOPeYHT CpaBHUTedIb- 
HO HeOO/IbUIOe BJIMAHHE psa Apyrux pacTBopHTeseH, UMeIOUIMX Tak>Ke OoJIb- 
moe 3HayeHHe &. Tak HallpHMep, MAaKCHMYMBI CIeKTpoB dslyopecweHunH 2-are- 
THJaHTpalleHa B MeTHJIOBOM (& = 33), OeH3HI0BOM (€ =13) H H-OKTHJIOBOM 
(€ = 10) cnupTax cMeljeHbI B JJIMHHOBOJIHOBY10 CTOPOHY OTHOCHTEbHO MaK- 
CHMYMa CHeKTpa dJlyopecieHwHu B A-reKCaHe CooTBeTCTBeHHO Ha 3650, 3750 
u 2740 cm~*, B TO BpeMA Kak CMEeIeHHA B alleToHe (€ = 21,5) uv nupua~nHe 
(€ = 12,5) coctapusiot Bcero 1200 u 1400 cm-!. Ouepuduo, B paccMaTpHBaeMoM 
cyuae CHJIbHOe BJIHAHHE THAPOKCHJICOMepxKalHX PaCTBOPHTeNeli Ha CNEKTPbI 
(pYOpecileHILMH He MOXET ObITb OOYCAOBMEHO JIHIUIb UX LH3IeKTPHYeCKUMH CBOH- 
CTBaMH, a, Il0-BHAHMOMY, B 3HaUHTeIbHOM CTeNeHH CBA3AHO CO CNelwuduyecKHM 
B3aMMOCHCTBHEM THAPOKCHJIbHBIX Tpyln C BO3OyXJeCHHbIMA MOJIeKYJIaMH alle- 
THJIa@HTpaleHoB (HavOoslee BepoATHO, C HX KapOOHHJIbHbIMM rpymmamn). 

O cnennpuyHocTH BJIMAHHA PHApOKCHJICoLepxKaUlHX PaCcTBOpHTee CcBH- 
ACTEIbCTBYIOT H Pe3yJIbTaTbl, MOYYCHHBIE MPH UCCeAOBaHHU CHeKTPoB (pJyo- 
peclleHILHH PaCTBOPOB alleTHaHTpalleHoB B CMeCAX pacTBOpHTete (puc. 1)*** 
B HeMONApHOM TeKCaHe CMeKTpEI byopecleHUMH 3aHUMaroT HaHOosee KOpOT- 
KOBOJIHOBOE MOOHKEHHE, H KONeOaTeIbHad CTPpyKTYpa HX HanGovlee paspemiena. 
B cmecax rekcaHa C MHpHAMHOM (puc. 16) Ha6smoJaeTcs nocTeneHHoe pa3MbIBa- 
HHe KoJeOaTeIbHOW CTpyKTY pb! HW CMeMleHHe CHeKTpa B OOMACTb MeHbINMX Yac- 


* 9-AueTHaHTpaleH B HCCeqOBaHHbIX HaMH paCTBOPHTeTAX IIpH KOMHATHOH Temiepatypé 
ne ayopecuupyer. AuetunanTpaleHbl MOyyauch aleTHIMpoBaHHeM aHTpallena XJIOPHCTBIN 
alleTHJIOM (B O€H3ONe) B MpUcCyTCTBUN XJIOPUCTOFO aJIOMHHHA MW pasqenanuch WpoOuok Kpuctaw- 
ausaunei (°). Tlocne ouncrku nepexpuctannusanuel 1 XpOMaTOrpaHpOBaHHeM Ha OKHCH avo: 
MHHHA l-anetuiaHTpaven umen tT. ma. 107,5—109° u 2-aleTHaHTpauen 187,5—188,5°. 

BanaHHe pacTBopuTena Ha MOOKEHHE H BH CHeKTpOB NOFIOWeHHA H CryopecleHUE 
alleTHJaHTpalleHoB Somee nogpo6uo GyZeT paccMoTpeno B Apyrom mecte. 

** PesybTaTbl, moayueHHple Cc 1-alleTHaHTpaleHOM, CXOJHBI C NPHBeeHHBIMH Ha pu. | 
4 2 RaHHbIMH, OTHOCAMMMHCH K 2-alleTHAaHTpaleny. 
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ron HO Mepe YBCIMYEHHA KOHMCHTpallun MMpuquna *, MpHyem NoOaBKa B reKcaH 
1% mupuquna Ha cneKTpe mourn He oTpaxaetca. Muaa kapTuHa HaOmomaetca 
IpH NoOaBeHuu B reKcaH cnupTos. Bseenue B reKcaH yxKe He3HayuTeDHBIX 
foOaBok ciupta (0,1—0,2%) BecbMa cusbHO cKa3piBaeTCA Ha BUye cieKTpa 
plyopectenuuu. KomeOaTetbHad cTpyKTypa pa3MbiBaeTca, M ero BH 3acTaB- 
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uc. 1. Cnextpo! @ayopecuenuuu pactBopa 
-alleTHJIaHTpalena B reKCane (mpepbiBucTasr 
[MBax) MH B CMeCAX pacTBOpuTenel: a — 
BkcaH -+ MeTHJOBbIM cnupT. Konuextpalna 
hupta: / — 0,12; 2— 0,25; 3— 0,5; 4— 
|| 6— rexcau + mupuaun. Konuentpauna 
HoMsuna: J — 1,2— 5, 8— 10; 4— 90. 
‘— rekcaH + 6en3usoBbIit cnupT. Konuen- 


23000 cmt 


vy ——_.> v 


Puc. 2. Cnextpb duryopecenyuHu pacTBopa 
2-alleTHMaHTpallena B CMecu rekcaH + 0,5% 
ME€THJIOBOPO CNMpTa ++ TpeTHH pacTBOpHTeb. 
KoulextTpallua TpeTbero pacTBopuTena 
(B oO6beMHBIX mpoueHtax): /— 0, 2— 1, 
8—6, 4— 10. Tperul pacrsoputens: 
a—opup, O— quoKcaH, 6— nupugun, 
@— alueToH 2 5— anu30n (5%) 


bauua cnupta: 1 — 0,2; 2— 0,4; 3— lI. 
‘— rekcaH + OKTHJOBbIM cnupT. Konwext- 
ua cnupta: / — 0,3; 2— 0,6; 3— 1,7; 
— 3,4. (Konueutpauuu— B oObemMHBIX 
IIpOWeuTax) 


‘eT mpelioularaTb, YTO OH B AeHCTBUTeEbHOCTH OOpa30BaH HaJlOxKeHHeM, 10 
jaHelt Mepe, ABYX HeCKOJIbKO OTJIMUHBIX Apyr OT Apyra cmeKTpos. 

| O0HMM H3 BO3MOXKHbIX OODACHEHHH CHJIbHOrO BJIMAHHA MaJIbIX KOHWCHTpa- 
it CNMpTOB Ha CIEKTPbI MOET ABATHCA NomyuleHue oOpasoBaHuA MOBBILNCH- 
HH KOHICHTpallHu MOJIeKYJI CMMpTa OKOJIO BOSOYxKAeHHOM MOJICKYJbI alleTHJI- 
irpareHa, OPMeHTHPOBaHHbIX CBOHMM FUAPOKCHJIbHbIMH PpynnaMA B HalpaB- 
MM KapOoHWJIbHOrO KuCopoda. Takoli MeXaHu3M MpefviaraJica, Halpumep, 
A OObDACHEHMA CXOMHOFO BUIMAHUA HeOObIUMX MOOABOK CNHPTOB Ha CIICKTPbI 
VOpecueHuMH akpvyoua (°). OfHaKo HaM MIpeAcTaBsseTcA Ooulee BEpOATHEIM, 
D HaOMOWawuMcA XapaKTep H3MCHCHHA CMEKTPOB alleTHAHTPalleHOB B 3a- 
IhMMocTH OT 0OaBOK CMUPTOB B HeliTpaJIbHbI PpaCTBOPHTeIb ABJIAeTCA B 
HOBHOM OTpaxKeHHeM OOpa30BaHHA BOMOPOAHbIX CBA3eCH 3a CHeT PHAPOKCHJIb- 
fo BoMopoda cnuptTa MU KapOOHMJIbHOrO KHCOposa BosOyxTeHHON MOJeKYVIbI 
bruuianTpaitena. [Ip 29TOM HYKHO HMeTb B BUHAY, YTO C YBe/IMYeHHeM KOH- 
ITpalMu CIMpTa B TeKCaHe JOMKHO MMeTb MeCTO He TOJIbKO yBeMUeHHe 


* AnasorMuHple pe3yJIbTaTbl MOJyYeHbI H B CME€CAX rekCaHa C aleTOHOM. 
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KOHLEHTpallM KOMIWICKCOB alleTHJaHTpalleHa C OTAe/1bHbIMU MonexyuaMy cnup 
Ta, HO M MOABJICHHe KOMINWIeKCOB C aCCollMaTaMH CHMPTOB ". 
Visnectuo, YTo accolMalua CMMpTOB YHHYTORKAaeTCA MPH PacTBOPpeHHH HW 
B HeKOTOPbIX PaCTBOPUTeIAX (OCOOeHHO SPPCKTHBHBIMA ABAIOTCH 3*pUupbl 
amuupi (7), 3a CYeT OOpas0BaHUA BOAOPOAHOM CBASH CIMPTOB C STHMM pacTBOpH 
TeAMH. OueBuHo, eCJIN BbICKA3a@HHbIe BbILe COOOpaxKeHUA O BJIMAHMM CMMPTO 
Ha CI€KTpbI COOTBETCTBYIOT eHCTBUTEIbHOCTH, CileLyeT O*KUAAaTb, YTO STO BIS 
Hue OyJeT B TOH WIM WHOM CTeNeHH YMEHbUNATbCA MPH HaJIM4MM B pacTBOp 
CoeIMHeHHIi, CMOCOOHBIX Tak»2K€ B3aHMOJeHCTBOBaTb CO CIIMpTaMH. 
Tlpopewenue uccseoBaHHH CleKTpoB yopeclleHIMH PacTBOPOB alleTHd 
aHTpalleHOB B CMeCAX ABYX pacTBopuTemei, OHHM M3 KOTOPbIX ABJIAJICA ME 
THJOBbIii CHUPT, MOATBEPAMO 9TH NpeAnolomenuA. Tak HallpHMep, eCJIM CME 
meHHe MaKCHMyMa clleKTpa cblyopectenunu 2-alleTHaHTpaleHa, COOTBETC: 
BYIOULCe MOJIOBHHE BEMUMHI OOMLErO CMeLICHHA, MpoMcxofAlero NpH mepexo) 
oT OMHOrO pacTBOpHTeA kK Apyromy, HaOJoAaeTCA B reKCaHOBOM pacTBope Mp 
JIBYXHPOWeHTHOM CoJepxKaHMH cnupTa, To AWA MoswyyeHHA aHaorMuHoro 3q 
(bekTa B CMeCAX CIMpTa C aleTOHOM, WHOKCaHOM HM TMpHAMHOM TpeOyeTcs yBK 
JIMMeHHE eFO KOHILCHTpallHM CooTBeTCTBeHHO Jo 20, 20 n 40%. | 
Oco6eHHO HariaqHO MpoABAeTCA sdPeKT B3aHMOAeHCTBUA CNUPTOB C py 
THMM paCTBOPHTe/IAMM B CHeKTpax dJYOpeclleHUMH PaCTBOPOB alleTHJAaHTpé 
I[eCHOB B CMeCHX Tpex pacTBopuTeeH. Ha puc. 2 mpescTaBJIeHbl H3MCHEHHA Cel 
TpoB pacTBopoB 2-alleTHJIaHTpalleHa B H-rekCaHe, CoeprxKamjem 0,5% MeTHI 
BOrO CNMpTa, Mp AoOaBsIeHHH B STOT pacTBOP AUSTHJOBOrO acdupa, MMPUHAMH: 
JMoKcaHa, alleToHa HM aHu3ouia. Kak BHAHO M3 puc. 2, BBeeHHe YBeJIM4HBAa 
UIUXCA KOJIMYeCTB BCeX STHX PaCTBOPHTeeh (KPpOMe aHH30/a) MpHBOLMT K I 
CJICNOBATCJIbHOMY CMEULCHHIO CNEKTPOB B OOaCTb OoJIbIUIHNX YaCTOT U nosiBJICHH 
B CH€KTpe KOJeOaTeJIbHOH CTPYKTYPbl, T. €. K HEHTPaJIM3alHn BIIMAHMA CNMPT 
IIpu oTcyTcTBHH B3aMMOJCHCTBUA STHX PACTBOPHTENeH CO CIMPTOM MOXKHO Obl 
Ob OXKUAaTb TObKO OOpaTHOKM KapTHHbI — CMeHICHHA CMeKTPOB B oOOJlac’ 
MeHbIUMX YaCTOT (KaK 3TO HaOsOMaeTcA B Cy4ae aHu3o/la), TaK KaK CaMo |], 
ce6e BBeeCHHe HX B PaCTBOP alleTHJIaHTpalleHa B TekCaHe MPMBOANT K VIM, 
HOBOJIHOBOMY CMeleHHio (CM., Halpumep, puc. 16). . 
Ilo BAMAHMIO Ha CHeKTPbI PsTyopeclkeHUMH MOKHO Ka¥eCTBCHHO OILCHHTb 
MOpsALOK B3avMOeHCTBHA aHHoro pAa pacTBopuTeseH co cnupTom. Tak, |, 
puc. 2 BUAHO, YTO JoOaBKa 1% alleroHa MpakTM4eCKH ee He CKa3bIBaeTCA I 
cmekTpe, JoO6aBKa Takoro Ke KOJMYECTBA S:PUpa BbISbIBAET HEKOTOPOE CMEILLCHH 
a pH ToM Ke cosepxKaHHH NMpuHHa WM WMOKCaHa 9TO CMeLeHHe COCTaBJA 
yxe ~600 cm7t. 
Viz paccMoTpeHua H3JIOXKCHHBIX BBIINe Pe3YJIbTATOB CJeAyeT, TO HCCeOE 
HH CIe€KTpOB (YOpecleHUHH alleTHJIaHTpaleHOB B CMeCAX paCTBOpUTed 
MOXET ObITb HCMOJb3OBAHO [WIA OOHAPY2KCHHA MCXKMOVUJIEKYJAPHBIX B3AHMOLE| 
CTBMH Mexyy HuMH. MoxkKHO AyMaTb TakxKe, YTO WIA 9TOM WeIM MOryT 6p) 
ACHOJ b3OBaHbI HW Apyrve CoeAMHeHUA, CNeKTPbI CbIYOPeCUeHILMH KOTOPbIX MOF! 
3bIBAIOT 3HAYHTEJIbHYIO 3aBHCHMOCTb OT paCTBOpUTeJA. ] 


{ 


Tloctynuno 
24 IX 1959 
UMTHPOBAHHAS JIMTEPATYPA 


* 
Kak uspectuo (7), yoke MpM yMepeHHEIX KOHUeHTpalluAx CHMpTOB B HENOJAPHEIX ff 
TBOPHTeIAX OOpasyloTCH ACCOWMATE, COCTOAMIME H3 HECKOJIbKUX MoweKyA cnupta. J 
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PH3SHYECKAAH XHMH#A 


M. WH. UXEWJ3E, FO. H. MOJIMH, H. A. BYBEH 
M 4seH-KoppecnourzenT AH CCCP B. B. BOEBOACKKA 


| CNEKTPbI 3.1.P. A KAHETHKA HAKONJIEHHSA PAJMKAJIOB 
TIPH PAXWOJIKV3E HEKOTOPbIX APOMATHUECKUX COEXMHEHHHK 


Safayel TaHHol paOoTb! ObWIO BLIACHeHHe MpUpodb palkuKalos, oOpa3yto- 
MXCH MPH paMnoMse apoMaTHYeCKHX YreBOLOpoOAoB, a TakxKe UCCeOBaHHe 
BIIMAHHA CTPYKTYPbI MOJIEKYJI Ha BLIXO], paduKaJosB. C STO WeMbIO ObWIM CHATHI 
EHeEKTpbl SJ€CKTPOHHOFO MapaMarHuTHOrO pesonaHca (9.1.p.) pakukasoB, 0o6- 
DasyIOWMXCA MO AeHcTBMeM OpIcTpbIxX B/eKTpoHOB (1,6 Mss), H u3MepeHa KHHE- 
THKa HX HakoreHna. McceqoBaHuble BemlecTBa IpHBeLeHbIB TaGu. 1. MeToquKa 
erHcTpalluv paluKaJloB BO BpeMA 06- 
ATYUeHNA SJIEKTPOHAMM oOlmMCcaHa B paoo- 
tax (1,7). O6s1yueHHe NpoHsBOAUJIOcb Ipu 


Ta6auna 4 


MMOTHOCTH ToKa oT 1,5 Jo 4,0 pa/cm? O6pasen, T-pa —124° T-pa 33° 
ap Temnepatypax —124 nu +33°. 

Mapka OeH30j1a — XHMMYeCKH UNCTHIH. 

Bce oOCTaJIbHbIe HCCJIEMOBaHHbIe Bemle- Benson 0,16 

Tuhennan 0,045 

‘TBa OpiiH NoyueHbl U3 sJaOopaTopuH ca, aa 0°08 

I]. Jlasposcxoro Wuctutyta Hep- 6 Tyronun niet a 

e€XHMMYeCKOrO CHHTe3a. OuNCTKa STHX  y-Tephexnna 0,034 0,044 
BEIIECTB IIPOH3BOAUJIaCb MCTOJOM Movle- n-Tepiexua 0,046 0,015 


KYJIA pHOH BO3TOHKH B BbICOKOMBaKYYMe. 

| Ha pune. 1 mpupesenpi cnekTppi 9.1.P. Oensoua, Audenvsia, n-Tepdenusia u 
i-AuTosua, Nomyyenupe mp —124°. Cnextpp m-Tepdenusa u o-MToOMMIA 
HAeCHTHUHEI CNeKTpaM ux n-M30mepos. I]pu Temnepatype +33° cnexTppr 9.1.p. 
b- HM m-TepcbeHusia UMeIOT TaKoli Ke BUA, Kak M Mp —124°. CnexTp 9.n.p. 6ex- 
Ola mpefctaBaeT CoOol XOpolwio paspeWeHHbIH TPHMIeT, WeHTpaJIbHaA KOM- 
{OHEHTA KOTOPOrO HMeeT 3HAUHTebHO OO/bINYIO HHTCHCHBHOCTb, 4eM 9TO CJe- 
lyeT 13 OMHOMHHAJIbHOFO 3aKOHAa JWIA pacnpeseeHuaA HHTeHCHBHOCTeH | : 2: 1. 
/akon CleKTp MOxKHO OObACHHTb B3aMMHBIM HaJlowKeHveM Tpunseta 1:2: | 
| OMMHOUHOM JIMHUU, MOJOmKeHHE KOTOPOH CoBMaaeT C WeHTPaJIbHOH KOMMOHEH- 
jo Tpunera. Tpumser B cnexTpe OeH30/la MOxKHO MpHMUCaTb, NO-BHAMMOMY, 
lombKO paduKaty C,H;, o6pasyiomemyca B pesyJIbTaTe oTppIBa aToma H 


CeHe ~ CeHs + He (1) 


B3anmojelictBue HeCNapeHHorO 9/eKTpoHa C ABYMA Coce,HHMH aToMamu H 
I laeT HaOmoyaembre TpH JuHMN. CleqyeT OTMETHTh, YTO pacimenweHHe Mex y 
LOMNOHeHTaMH TpHMvieTa qeHHibHoro pafuKanma AH = 45,0-+1,5  aper. 
bHadnTeJIbHO MpeBbilaeT BeIMUNHY pacilelenvA Ha B-BoLopofaX B aJKUJIb- 
ibIX paduKalax (HanpuMep, B paduxase —CH2— CH — CH2— AH=30 sper. 
8)). Bompuryio Bemmunny AH y GOexsoula MoxKHO OObACHUTL TEM, YTO paccTos- 
ine C—C y Gen3oula MeHbIe, ¥eEM Y asNaTHYeCKUX YrJeBOLOpoAoB, H YTO Op- 
uta HecnapeHHoro alekTpona H C—H-cpa3b eHWIbHOrO paukaJla JexaT B 
HOW MJIOCKOCTH. 

Kak Buguo u3 puc. | (a, 6, 6), Kaka KOMNOHEHTAa TPHIWeTa AONOHUTEIb- 
© pacuyenviena Ha 4 JIMHHM C 6 = 10,2--0,5 apcT. STO JONOUHUTeIbHOe pac- 
henleHHe MOXKHO MpHMMCaTb JIMIb B3AMMOJeCHCTBMIO HeCNapeHHOrO deKTpOHa 


ge 1294 


¢ Tpema ocTaibusima aTomamu H.{Takas pacumMppoBka CieKTpa Mo3sBo1Ae 
cheats Bol39q 06 SKBUBATeHTHOCTA STAX TPeX aTOMOB mae ns ‘ 
| Ha3ku4 Bolxo MomexyJIdpHoro BoAoOpowa (Gy, = 0,035 Mow 00 2B ( 
Mo CpaBHeHAio C BbIXOMaMu MouMMepa (Groan = 0,75 Moa/100 9B (®)) uw Cc BEIXOO! 
pagukaslos Mo Haul4M AanHotM (cM. Ta0d1. |) mo330/AeT 34KJIOUTb, YTO HE BEC 
BoJopok, ocBoOoxKMaolluicA Mo peakuHn (1), Burenaetca B Bude He. OT 
OOCTOATEIbCTBO, a TAK2KE HME 
joulMecA B WMTepaType yKa3e 
HHA Ha BOSMOXKHOCTh OOpasoBE 
HuA paquKasia CeH; 13 Oen3¢ 
Jia HW aTOMaDHOro BoOopoda Np 
TemmepaTy pe *K4AKOrO BO3AYX 
() No3BOuALOT 3aKJUOUMTb, UT 
Oovlbulad 4acTb aTomos H, nc 
myuaiowuxcd mo peaxmun (1 
TIPHCOeAHHAeTCA K OCH30JIbHC 
MY KOJIbILY C 06)a30BaHHeM Pé 
TuKasia CeH2. B pagqukase Cok 
HeCiapeHHblit 9eKTpoH esc 
KaJIM30BaH B T-CUCTeMe Hi BS 
uMoelcTByeT CO MHOrHMH ati 
MaMH BoNopoda. Ilo anamoru 
C apOMATH4YCCKMMU HOHIMH-pz 
TuKadamu (7) MoxKHO Movlarati 
4UTO MOJIHaAA BeHYMHA CBep? 
TOHKOrO paculeneHua B pal 
Kame CeH}; O6yeT HeBeJIHK 
(~20 apcrt.). DTlockompKy 
TBepoH dase JIMHHH MMe 
3HAUHTEIbHYIO IIMpWHY, KO! 
MOHEHTHI CBEPXTOHKOFO pac 


p ’ IWICHHA CMeKTpa 9.1.p. 3TO 
uc. 1. CnekTpbl 9.0.p. OOmyYeHHbIX: @— OeH300 ( 
up —132°, 6 — 6ex30n npu —52°, ¢—cxematuyec- PaANKaJla BPA JM OynyT pa 
koe wu306paxKeHue cneKTpa O6en30a, e— Audenua  PCWIATbCH. Tlostomy CieK 
apu —124°, O— n-rephenua npu —124°, e—,n-nu- panuKataCeH; ouwKeH mpe 
TOM npH —124°% CTaBAATb cool o2MHOUHy 
JIMHMIO WApHHOK 10—20 apc 
Haslokenue STol JIMHMM Ha WeHTpaJIbHYy10 KOMMOHEHTY Tpunueta eHHJbHO 
paquKkala MO3BOAeT MOJIHOCTbIO OOBACHHTb BCe OCOOeHHOCTH cneKTpa oO 
yeHHoro OeH30J/1a. 
Kak BHO 43 puc. | a,6, pa3spelmleHHe CBepXTOHKOM CTPYKTYPbI CNeKT 
9.1.p. OeH3oula yyuuaeTca C MoBbIMIeHHeM TemmepatypbI. MoxkHo moKa3al 
YTO STOT (bakT MOxKeT ObITb CBA3AH C Pa3MOpaxKHBAaHHeM 3ATOPMOXKEHHO!O BE 
_I@HHA MOJIeKYyJI OeH30/Ia BOKpyr ocH 6-ro MopayKa, CYIUeCTBOBAHHE KOTOPO 
6blI0 MOKa3aHO B ONbITAX MO HCCMeLoBaHMIO AZepHoro pesouauca (8). 
CnekTppl Auenusa, TeppenuJIoB H AHTOMMMOB MpeAcTaBAAOT CcoOoH Tp 
Nets, MOMOOHLIe C€H3OMbHOMY, HO C XYAUIMM paSpeuIeHHeM OTJCAbHbIX KOMI. 
-HeHT HM 6€3 AONOJHMTeMbHOrO paculenvieHHa Kako u3 Hux. XapakTepH 
OCOOeEHHOCTHIO CIEKTPOB ABJIAe€TCA MX MpakTMYeCKH MOMHaA MeHTMUHOCY 
Bce STH OCOOCHHOCTH CNEKTPOB MOXKHO YAOBJETBOPHTebHO OOBACHHTD, Mpe 
MOJO%KUB, YTO B MOMMPeHMAX MpoMCXoANT oTpHIB aToma H nau CHs-rpym 
B 1-MO/1OXKCHUM M0 OTHOLUCHHIO K PEHHJbHOMY 3amecTuTeo. B pesyIbTaTe TaKc 
R’ oH 


oTpbiBa OOpasyrioTca pakuKasnl Tuna R —< = rie Reta Ciein cnys 
H H 


100 spcm 


s 


( 
I 


o-AMToNMIa M R’=H B octatbHbIX cmyyaax. Oroppasmmiica atom H u 
CHs-paqukan, MIpHCOCMHHAACh K O€H3OJIbDHOMY KOJIbILY, aeT paluKas, anal 


4292 


MUHBIM payuKasly CoH. Pesyabrupyrouuit cnexTp 6yZeT o4eBHAHO BeCbMa OuIH- 
OK K CI€KTpy, HaOsoaemomy pH paduouuse Gen30sa. YxyMmenue paspemenna 
TPYKTYPbl CNeCKTPOB MNOJMeHHJIOB BepoATHO OOYCOBJeHO AeNoKaIUu3anHen 
(ecllapeHHOFo SI€KTPOHA NO BCeli CHCTEME COMPAKCHHbIX CBA3eH, ITO JosJKHO 
[PHBOJHTb K B3aHMOJeCHCTBHIO ero C OOVIbIHM 4HCIOM aTOMOB BOJoposa. 
(pome Toro, B culyyae MoNpeHuJ0B 
OLKEH OTCYTCTBOBATb MEXAHH3M Cy- [R]-0 2? e 
KCHHA JIMHHH, CBASAHHbIM C Bpale- B- 

(HeM. 

_ TImoxoe paspemenue cneKTpos 
.I.p. MOJIMPeHHJIOB MOXKHO Opio ObI 
BAZATb C BO3MOXKHOCTHIO_OOpa3s0Ba- 
IMA paMWKaOB pa3JIMUHbIX THMOB 
\CUIEACTBHE PaspbIBOB pa3sJIMUHbIX CH 
Ju C—C-caa3ei. Takoe mpesnoJio- 
e€HHe, OJHaKO, HE MO3BOIAeT OOBAC- 
MTb HACHTHUHOCTS CNEKTPOB pa3sJn4y- 
IbIX MOJIM@CHHJOB. 0 
| Bra6a. 1 npupeyensi payuannon- 20 40 60 Mpad 
{BIE BLIXOAb! PaAMKAaJOB, OMPCACICH- pyc, 2. Kuneruka naKxonnenua paduKaJIoB mpH 
BI€ TO JIMHEHHBIM YUaCTKaM KPHBbIX —]24°: 1 — 6enson, 2— n-nuToAuA, 3 — que 
akonJieHua (puc. 2). OTHOcHTeIbHaH cbenun, 4— n-Tepdpenua 

am6ka mpu onpesetenuu Gp cocta- 

aeT +20%. 
YMeHbUeEHHe paqvalMOHHOrO BbIXOMa pauKaJloB MpuH mepexoye oT Geu30ua 
| [ucbennsly u Tepdenvsiam corslacyerca C HMeIOUMMUCA B JIMTepaType AaHHbIMH 
6 YBEIMYeHHH padvalHOHHOH CTOHKOCTH NMosMNdeHHJIOB Mo CpaBHeHHio C 6exH- 
joIoM (°). Bowbwui BbIXOL paquKaJIOB B AHTOMMIaxX MO CpaBHeHUIO C AHdeHH- 
OM YKa3bIBaeT, M10-BUHMOMY, Ha YMeHbINeCHHE paluallMOHHOli CTOHKOCTH Moue- 
JyJI Ip BBeeCHHH OOKOBbIX Ppyl, YTO HAXOAMTCA B COOTBETCTBHH C JIMTepaTyp- 
IMM JaHHbimu (1°), [IpeqctapsiseT HHTeEPeC CPaBHUTb BHIXO paluKaJIOB B H30- 
4CPHBIX MovleKyslax. Ilo HeKOTOpPbIM MTepaTyYpHbIM aHHbmM (13,1?) w30meppi 
Ppenuia pu Oombwmux Ao3ax OOMYYeHHA CYLIECTBEHHO OTIMYAIOTCA, 0 CBoeLi 
lalMallMOHHOH CTOMKOCTH, No ApyrumM AaHHpim (1%), rye BbIxXOJbl KOHEUHbIX 
WPOAYKTOB palluodHu3a oOnpeselANMCh Mo HavaJIbHbIM YYaCTKaM KPHBbIX Ha- 
lonlsienus, 3TO pa3JIM4YHe HEBEJIMKO. 
Kak BuHo u3 Tabu. 1, pasmuune B BeMUMHE Gp y H30MePoB, NO-BHAMMoMy, 
HOKUT B mpeeswax owHOok oMbiTa. | 

| ABTOPbI C¥YHTAaIOT CBOMM JlOJITOM BbIPpasHTb OslaroqapHocTb A. M. Bpos- 
komy u B. B. TuTopy 3a mpesocrapsienne o6pa3siloB NOJMeHHJIOB HW 3a COcyx- 
PHHE pe3yJIbTAaTOB, a Takxe B. H. Ulammesy 3a yyactTue B MpoBeAeHHH OMBbITOB. 
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JIoxnnagn AkayeMun Hayk CCCP 
1960. Tom 130, N 6 


XHMHYECKAA TEXHOJIOTHA 


Uaen-Koppecnonnzent AH CCCP H. B. ATEEB, ®. H. TABAJI3E 
u lO. M. KAPTBEJIHWIBU JIM 


K BOMPOCY O NOJIYYEHHM 4HCTbIX XJIOPHAOB XPOMA 

B mocaequne rolpt ucceLoBaJICA pA ciocoOoB NoJyYeHHA XPOMa BbICOKOL 
creneHu uuctotel (1,2). [IpumeHeHue MeTOJoB TraJloreHuAHOK padMHUpoBKH 03 
BOJIACT MOJIYYHTH MeTAaJIJI C HHU3KHM Cofep»>KaHHeEM KaK Ta3OBbIX, TaK WM MeTaJL 
wimuecKHX mpumecel (?). | 

Tlpeaaraempii MeTod 3aKsOuaeTCA B MOJIYYeHHM YHCTbIX XJIOPUOB XpOMé 
M3 ICKTPOMMTHYeCKOrO XpoMa C MocsefyouleH MeperoHKoH XJlopHa B TOKt 
XJlOpa M BOCCTAHOBJICHHEM CFO LCIOUHbIMH HJM ULeJIOUHO-3EMECJIbHBIMA MeTadJ 
JiaMu. ] | 
TepmModwuHaMuuyecknhk pacuert. Ilpu B3anmojeicTBHM Me 
TaJWIMYeCKOrO XpOMa C XJIOPOM MOFYyT MpoTeKaTb CMeLyroulMe peakUMH: 


2Cr + 3Cl, > 2CrCls, (1 
Grek Clee» Grcle. (2 
ICrChy 4. Cr > BCrCly. (3 


CBoOoHble SHEPlMH HW KOHCTAHTb! PaBHOBeCHA 93TUX peakUHH onpesesaer 
M3 CTaHJlapTHbIX JlaHHbIX No (dopMyJiam: 


L as 


GE 
Nipeceoh Hoes NSE lcs ale \ ACRdimeT (ASsu+ \ peat] 
298 AF 298 


PesyibTaTbI paC¥eTOB — 3aBHCHMOCTH CBOOOXHBIX SHEPprHi MW KOHCTaH 
paBHOBeCHA OT TemiepaTypbl — mpescTaBsieHbr rpadwyecku ua puc. 1 u Q 
Kak moka3biBaeT TepMOAMHAMHYECKHH pacueT B UCCeyeMoM HHTepBase Tem 
mepaTyp HanOoslee BepoATHA PeaKWMA B3AMMOJeCHCTBUA MeTaJJIMYeCKOrO XPOM 
C XJIOpoM C OOpasoBaHHeM TpHxXJIopHAa XpoMa HM HaMMeHee BepOATHO MpsAMoO 
B3aMMONeCHCTBUE TPpUXJOpHAa XPOMa C MeTaJIMYeCCKHM XPOMOM C OOpa3oBaHHel 
JMXJlopHya Xpoma. 


| 


QIKCHeEPHMeHTAAbHAA YAaCcTh 


B KavecTBe HCXOAHOrO MaTepHasla OblI B3HT SJIeKTPOuMTMUeCKMH xpoN 
nomyyeHHplit B Muctutyte npuksagHol xumuu wu aslekTpoxumun AH IpysCCk, 
cuefytollero CocTaBa (B mpoweHtax): Cu 3-1074, Ni 1-1078, Fe 0,43, Cd 5-107 
Snf-107*; Pb 1-108, Bi 1l-1074, Pelsd0°, Ti 5: 10s CAM is) Si 
Mn7-10™*, Sb t°10"*, O; 05274," Hs 0,0211 "No 0.020) Cr Goe0nn 

MetaJiuueckuli XpoM NoMellaJicAd B KBaplleByiO MOOUKy B Bue TIOpOMki 
WIM OY€Hb MeJIKAX KycouKoB. I]pHMeHeHHe ero B TIOXO H3MCbYeHHOM BH 
MPpHBOAMT K HeMPOMSBOMMTeJIbHOM 3aTpate xJiopa. JIa faHHOH paOoTH Tpe 
OoBasicA OCH YUCTHI xnop. Tlostomy ra3006pasupili xuop, TlOcTy NarowlHi W 
OamoHa J (pwc. 3), MpexBaputTenbHO Ocyulanca mpomyckaHnem yepe3 Nordic! 
THTCIbHYIO CHCTEMY, COCTOALLYIO M3 KONOHOK C KOHUeHTpupoBaHHol cepHo 
KHCAOTOH 2, XJOPHCTEIM KasbuMeM 3 w cbocopHEIM aHrugzpugom 4 u 5. Toca 
9TOrO XJOP MpOllycKasica Yepe3s sMeeBNKU 6 u 7, NorpyKeHHpe Bcocyab! JIbK 
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apa C OXJlaKalouleH CMeCbIO (XKHAKHH a30T c alleToHoM). B sopyuike 6 ra3 
OxNaxKasicA pH TeMnepatype —30° c WesbIO BbIMOpaxKHBaHUA BAH; B 3Mee- 
BuKe 7 XJIOP CKMMaJICA Ip Temnepatype —90 + 100°. Pasoo6pasnpie 3arps3- 
HeHHA BMeCTe C H30bITKOM XJ1Opa NMPOrOHAMHCh Yepe3s 2UAKOCTHOH 3aTBop 8 
(MOHOCTaT) C KOHILCHTpHpOBaHHOH CepHol KuCMOTOL HM Mormoulanuch 30% pac- 


tsopomM NaOH 8 aycop6upopannplx 
OytHlIax 1/4, KOTOPbIe COeMHHAINCh Cc 
tarou. [[pu 3ano/HeHuM KONMIbHUKAa 
3MeeBHKa 7 XKKAKUM Xuopomua °/, 
OObeMa BCHTHJIb OaJIOHa C XJIOPOM 
MlepeKpbIBaJICA, 3MeCBHK OCBOOO%K- 
Hasica oT cocyya J{bioapa u cBobop- 
HO HCiapsIouMlica XJIOp BBOMICA 
yepe3 KpaH 9 B peaxtop //. Cxopoctb 
ucapeHuA xJlOpa KOHTPOJMpoBasachb 
MOHOCTATOM H pery JIMpOBaacb OeBa- 
HHeEM Ha 3Me€eBHK C KOMMJIbHHKOM 7 


HKON/MONb 
100 oe 
&0 Z 
&0 
40 
20 | 3 


SS eee 


400 600 800 1000 = 1200'K 
cocyjiop Jibioapa c oxJaxaoulel 


| CMecbIO, MOMepxuBarollelt HeOOxXo- 
Jumble Temiepatypbl. 

TIpouece moulyYeHuaA YMCTHIX xJIO- 
PHAOB XpOMa MOXKHO pasfeJMTb Ha TPH cTaquM: a) JerasauMa uCXOAHOrO 
9NCKTPOJMTHYeCKOTO Xpoma; 6) XJlOpupoBaHHe syleKTpoMTHYecKOrO xpoMa; 
B) OYNMCTKAa NOJIYYeHHbIX XJIOPHAOB xpoMa BosroHKoH. PaccmMoTpyHM MocvlesoBa- 
TeIbHO 9TH TPH CTayMH. 

Tlera3anuua xpoma. M3 npwpemenupix JaHHblxX BULHO, YTO UCXOI- 
HbIM SJIEKTPOJIMTHYCCKHH XPOM COJepxKHT OTHOCHTEMbHO SOOJIbUIOe KO/MYeCTBO 
ra30BbIX MpHMmeceli. B BakyyMe H MIpH Harpe- 
50 BaHHM TBepsoro Tevla He TOJIbKO YCKopHAeTcA 
ylaJleHHe ra3oB, YepKUBaIOMNXCA Ha MOBepXx- 
HOCTH, HO M MpoOHCXoOMUT BbIAeIeHHe UX U3 
camoro Tela. YcTaHOBJIeHO, UTO HarpeBaHHeM 
é xpoma fo 400° npaxTuyecku Bech BoLopod 

yAasaetca “3 metaviuia (1). Harpes npu 6omee 
HU3KUX TemimepaTypax CompoBoxwkAaeTca yac- 
THUHbIM BbIeseHHeM 9TOFO Ta3a. 

Jlera3aiua TipoBosulacb npu Temmepatype 


Puce. 1. SapucumocTb cBOOoAHEIX SHeprHl OT 
Temnepatypbl Wa peakuult (1), (2), (3) 


ao 
Sars 
a 


Koncmanmel pabrobecua \gX——- 
8 


e 9 400—450° B Bpaxyyme 1074 MM Cc BbiepxKKoli 
OHO OO B BTHX YCNOBUAX 1,0—1,5 aca. M3mepenue 
709 Vf 43 15 47 49 2f TemmepaTyppl MpousBOAMAocb Mp NomoutM 
ance fn Pe eorters 2 IJIaTHHO-MaTHHOpOAHeBOH TepMomaphl, pac- 


MOJIO*KEHHOK BHYTPH paOouet TpyOKu J/a Hal 
JOAOUKOH U perysIMpoBadlacb MOTeHIHOMET- 
pom Jé. 

XMopupoBaHue xpoma. Merton 
NOJYYeCHHA XJIOPHAOB 3akOUaeTCH B COB- 
Me€CTHOM HarpeBaHHl MeTaJJia u xJlopa. MetadI yauje BCero MpHMeHAeTCA B 
| TBEPAOM COCTOAHHH, pexKe B paCciaBJICHHOM; XJOp OObIYHO MpHMeHAeTCA B BH- 
| He rasa. 
Ha puc. 3 npegctaBieHa cxemMa YCTaHOBKH JIA XJOpHpoBaHuA xpoma. Peak- 
| TopoM cily2xKusa KBapieBad TpyOKa //, KOTOpyio BCTABJIAIM B WIEKTPHYeCKYI0 
TpyOuaTyio medb CompotuBsenua /0.O6a Kona TpYOKM 8aKPbIBAJIMCh NPHUWIH- 
| bopaHHbiMH K Hea KBapueBbiMM mpoOxamu. Ilocne erasaunu Np BakKyyMe 
10-4 mm neub oxslaxKalacb Mo Temmepatyppl 200—-250°, a yxae mocae sroro, 
MOCTeMeHHO Harpespad peaKTOP, HAYHHAIOCb MeVI€EHHOe IpONyCKaHHe XJopa. 

Oasitama ycraHosJieHo, 4YTo SppexTHBHOe XJIOpHpOBaHHe XPpoMa MoxeT 
| ObITh OCYuLecTBeHO Mp Temmepatype 595—605°. Bpema xe XJOpHpoBaHHsA B 
| 3HAYMTeIbHOM CTeMeCHH ONpeMeAeTCA CKOPOCTbIO MOCTYMJeCHHA XJIOpa B peak- 
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i Puc. 2. 3aBHCHMOCTb KOHCTAHTbI 
PaBHOBeCHA OT TeMMepaTypbl JIA pe- 
axunit (1), (2), (3) 


TOP, a TaK2%Ke KOJMYECTBOM B3ATOTO HCXOAHOLO XPOMa- B pear ae 
290-30 r Mmetasuimueckoro xpoma. B cpeaHem mpolecc XJOPUpo ie | 
twxxeHnn 600° Bevica B TeueHne 50 Muu. Ilocue sToro XJIOpHpoBaHHE MPO see | 
jloch B TeUeHHe OLHOFO yaca IPH MOCTeNeHHOM NOHH2KCHHM TEMNE} a | 
TepBaule Temnepatyp oT 200 Ao 500° xslopHpoBaJIuCb, BOSTOHAINCh HO 
Ha KoHMencatope /2 metaslmmuecKkue MpuMecH HCXOAHOTO XPOMa. 


{ee 


ai 


CY. PN a 


Puc. 3. Cxema yCTaHOBKH JWI MOYYeHHA YHCTEIX XMOPHAOB XpoMa 


Kpupple JaBJieHuA apoB XJIopHAoB, NpuBesenuple Crsiuu (*), MoKasEIBa1oT, 
YTO BCe MeTaJINYeCKHe MpHMeCH HCXOMHOrO XpOMa K MOMeHTY HauaJia xJopu- 
POBaHHA OCHOBHOH MaCCbI XPOMa JOJKHbI NPOXJOPHPoBaTbCA HM BOSOrHATHCH. 

Tlosyuarouniica B Tpowecce peakuHH XJIOpHy XpoMa ocTaeTca B JORoUKe, 
a Ha KOHJeHCaTOpe Ip BbIXOe U3 peakTopa ocaxkLa1oTcsA NMpoOXJopHpoBaHHble 
NpHMecH XpoMa, HMerollNe KpacHo-Oypblit oTTeHOK.. Masloe KoJIMYeCTBO MpoOxso- 
PHUpOBaHHbIX MpHMeceli XpoMa C OXJlaxKJeHHeEM peakTOpa ocedaeT B MOMOUKY 
Ha MOBepXHOCTb XJlopHya xpoma. B jladbHeltuieM 9TH MpHMecu YyasaroTca 
BOSrOHKOH. Baudy Toro, TO BOSOrHaHHble IpoOxXJIOpHpOBaHHble MpHMecu xpoMa 
QOBOJIbHO MpOUHO MpHuCcTaBaiM K CTCHKaM peaKTopa JJ] (TeM CaMBIM 3arpx3HAA 
XJIOpu XPpOMa pH pasrpy3kKe), ocaaJeHHe HX MpOu3BOAMIOCb HeMocpecTBeH- 
HO Ha CIeWHaJIbHbIX MpHeCMHHKaX — KBaplleBbIX TpyOKax /2, koTopble C O6OHX 
KOHILOB BCTABJIAJIMCb B peaKTOP HM MpouHO OfeBalucb Ha paOouyro TpyOxy J Ja. 

M3pecTuo, 4To eCJIM raJloreHHpyeMbIH QJIEMeCHT MME€ET HECKOJIbKO cTeneHel 
OKHCJICHHA, TO BOSMO2%KHO BOSHHKHOBeEHHE MOOOUHBIX PeakIHi MexKLy o6paso- 
BaBIUMMHCA TaJloreHHaMH WM TaJioreHHpyeMbIMH BeULeECTBAMH, TaK Kak Tocwel- 
HHE ABJIAIOTCA CHJIbHbIMH BOCCTAHOBUTEIAMH MO OTHOLMICHHIO K BbICIIMM FraJio- 
reHuaM. OOpluHoO MpH XJOpHpoBaHnu XpoMa NosyyaeTcA TpuxJopHy xpoma 
CrCls. OqHaKo Mpw OYeHb MeJJIEHHOM TIponycKaHHU XJlIopa yepes culo MeTan- 
JM4YeCKOrO Mopowka NodyyaetcA TuxsJopuy xpoma CrCle, KoToppli saBsmaeTca 
MIpOAYKTOM B3aHMOJeHCTBUA XJlopHya XpoMa Co CBOOOAHBIM MeTaJuIMueCKUM 
xpomom. Ilomyuenne MxJlopufa XpoMa HexKelaTeIbHO, Tak KaK OH mpel- 
cTaBJiseT coOoli, B OTHE OT TpuXJopHya XpoMa (KOTOpbIi nMeeT KPacHO- 
(pPHOJIETOBLI WBeT H HepacTBOPHM B BORE), PHPPOcKOMMYeCKYIO Cob Genoro 
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iBeTa, B KOTOPOH NO BosselCcTBUeM aTMOCdepHOrO BO3AYXa MpPOWCXOAMT OKHC- 
meHHe Xpoma. 

q 

| OunuctTka xfopufos xpoma. [laps Tpuxmopusa xpoma serKo 
POKUCIIAIOTCA Ha BO3AYXe MO peakIlMH: 

| 4CrCls + 302 = 2Cr2O3 + 6Cle 


fIMCHHO 10 STOH MpHYHHe OYMCTKY XJIOPpHAOB XpoMa HeOOXOJMMO MpOBOANTb 
€3 JocTyma BO3yxa HW apoB BOJbI, Aa HMCHHO BO3FOHKOM B BaKYYME UJI aT- 
i occepe wucToro xJlopa. B paOote OnwiM ompoOoBaHbl 06a cnoco6a. BosrouKy 
poBOAMIM B TOM %xe KBaplleBoH TpyOKe, KOTOpad CYA DIA NosyueHUA 
WxJlopuya Xpoma. 

TpuxJopuy xpoma Bpime Temnepatyppi i300° quccomuupyer (*) cenyroulHM 


2CrCl, ore 2CrCle + Cle. 


Ho mpu3Haku Anccounaynn oOHapyxuBaroTca ye npn 355°. Ilo qanHpim (*) 
: MIpyrocTu ANccoWMalHH WIA STOH peakIlHH paBHbl mpH 855°— 205; npu 902°— 
W209; mpH 920°— 415; npu 930°— 535; npn 933°— 605 mm prt. crt. 

: BosroHka NpoBodulacb B BaKYYM€ pH MpekBapuTebHOH OTKauKe peak- 
fTopa Ho 10-* mm pr. cr., mocule 4yero Newb HarpeBalach Jo Temnepatyppl 
650—700°. Tak xe KaK M DpH BO38roHKe B BakyyMe, B JaHHOM cJlyyae 


‘ 
IMpeABapHTeIbHO OTKauMBaJICA peekTop Jo 10-* MM, 3aTeM BIyCKaJICA UMCTHIM 
}XJIOP HW TOJIbKO MocJle STOO HaUHHaJICA HarpeB Me WM OLHOBPeCMCHHO OTKPbIBaJI- 
ich KpaH 9 C Weblo MpOTOUHOrO MpoxomweHHA ToKa XJiopa. Yxe mpn 700° 
‘HaOolalacb BO3TOHKa XJIOpHAOB XpoMa. OdpdeKTHBHaA w2Ke BOSTOHKa Mponc- 
‘Xofusia np 900—950°. Yeesnuenne o6bemMa ra3000pa3HbIX MpOLYKTOB B peak- 
Tope 3a cueT OOpasoBaHHA NapooOpasHoro XJlopHa XpoMa BBISbIBaJIO OCaK]e- 
Hue. CrCls He ToOJIbKO Ha KOHJ€HCaTOpe, YCTaHOBJICHHOM B BbIXOJHOM 4aCTH 
peakTopa, Kak 9TOFO HY2KHO ObWvIO OKNAaTb MO ABUXKeHHIO Ta3a, HO HU Mpouc- 
XofHJIO ero pacipesesieHne Mo BCeMY peakTOPY, YTO BbISbIBaIO OCaKTeHHe XJIO- 
|pua XpoMa B 3HAUMTeIbHOM KOJMYECTBE KM B NepefqHei yvacru peakTopa. [lo- 
|STOMY B 30HE KOHACHCALLMH XJlopHfla XpoMa H MepesHel yacTH peakTopa Obi ycta- 
HOEJICH IIPH€EMHHK (KOHJeHCaTOp) HamofoOve KoHeHCaTopa, YCTaHOBJIeHHOrO 
B BbIXOJHOM YacTH peaKTopa. Ja co3qaHHA ycJloBuu, OlaronpuxATCTBYIOWIMX 
Mousyyenvio Godlee KpyNHbIX KPHCTaJJIOB, PeakTOPp B MECTE OCaxKeCHHA BO3Or- 
‘HaHHBIX XJIOPHAOB XpoMa OOBepTHIBaJicA acOecToM, YTO MaBaJlO BO3MOXKHOCTh 
TOMMep2xKUBaTb TemMNepaTypy MpHeMHHKOB Ha ypoBHe 400—500°. Sto, B cBorO 
ouepedb, CNOCOOCTBOBaJIO OCamKAeCHHIO Ha KOHJeHCaTOpaxX TOJIbKO OUMICHHbIX 
XJIOpHAOB XpoMa, HOo TemmepaTypPHbIH pexKUM B MECTAX KOHJeHCalMU XJIOpH- 
ROB XpOMa HE NoOSBOMAN oCceLaTh XJOpHAaM Mpumeceli xpoma (xKeue3a MH Ap.); 
OHH MpoxoAHJIM 3O0HY KOHJeCHCalMH XJlIopHya XpoMa M OCaxKaJuCcb B KOHILC 
TpyOxu. Uckarovenne cocTaBaaeT TObKO XJIOpHA Mapranila, Japsenne napos 
KOTOPOrO Mp TeMMepaTy pe BOSPOHKH XJOpHa XpoMa JlocTuraet JMub S0—90 MM 
M TO3TOMY IIpH BO3FOHKE OCHOBHOH MaCCbI XJIOPHAOB XPOMA OH OCTAaeTCA B JO- 
mouxe. Tloce oxsaxJeHua peakTOp pa3HHMaJICAH, KOHJeHCaTOpbl C BO3STOHaMH 
XJIOPHAOB XpOMa BbIFpy2KaJIMCb HM MPH MOMOMIM CTeCKJAHHOM NasouKu OpicTpo 
N€peHocnJINch B 3apaHee MPHToTOBJeHHYIO CyXxylo OaHky Cc MpHuwu@oBaHHor 
MpoOkoH, KoTOpad Momemlaiacb B 9KCHKaTOpe C @ocopHbIM aHrHApHyoM. 
CnekTpaJIbHbit aHasiv3 NowyueHHOrO MposykTa Moka3al, YTO Npesarae- 
MbIM MeTOL Mo3BOAeT MOMYYUTb XJOPHAbl XPOMA BbICOKOM CTeEMeHH UYMCTOTHI; 
TOAbKO B HE€KOTOPbIX OMNbITAX OblIH OOHAPYKEHH! CJIEAbI aIOMHHNS HW BACMYTA. 


Vuctutyt metannypruu um. A. A. Batikosa Tlocrynuso 
Akajemuu Hayk CCCP 2 XT 1959 
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XHMHYECKAA TEXHONOLHS 


Cc. C. JYXHH 


AUSOY3MOHHbIN NOTEHIMAJ JBYDKEHUA UW EFO POJIb 
B 3JIEMEHTAPHOM AKTE ®JIOTALMU 


(ITpedcmaeneno axademuxom A. H. Ppymkuneim 30 IX 1959) 


1. OKcHepHMeHTaJIbHbIMU HCCJeLOBaHH AMM, IPpOBeACHHBIMH B HeaBHee BPeMs | 
B KaBka3CKOM HHCTHTYT€ MMHepaJIbHOrO CbIPbA, YCTAHOBJIeHa CYIeCTBeHHad | 
POUlb SICKTPHYECKUX CHI B SJIeEMeHTapHOM aKTe dotanun (B. A. Jlucu4enko, | 
He omy6uKoBaHo). MexaHu3M BO3HHKHOBCHHA 9THX CHJI HOCHT ABOAKMM Xa- 
paxTep. | 

OAMH Me€XaHu3M MpoABJIAeTCH IPH MepeKpbITHH MOHHbIX aTMocdep, oOpa- 
3OBAHHbIX Ha MOBCPXHOCTAX pasella MHHepaJlbHaA WacTHla — pacTBop HU 
Ny3bIpeK — pacTBop, WIA vero Tpe6yercsa cOMmKeHMe UX Ha paccTOAHHe Josen 
MUKPOHa. XapakTep BOSHHKaIOWMX CHJI HU UX B3aMMoOflelicTBHe C CHJlamMu BaH- 
Iep-Baasibca paccMoTpeH pauee (?). 

OHako Mpexke 4eM 3TOrO pola CHJIbl B3aMMOMeMCTBUA MOABATCA, Mpo- 
M@XKYTOUHAA IMpocolkKa XAKMAKOCTH, pa3flevAlollad MOBepXHOCTb YaCTHIbl U 
MY3bIpbKa, OJKHa YMeHBINMTbCA JO YKa3aHHOM BeCbMa MaJIOH TOJMMHbI UM 
IIpHTOM 3a BPeMA NopAAKa THICHUHBIX Oe CeKYH{bI, COOTBETCTBEHHO Mpo- 
OJXKUTEJbHOCTH «COYapeHuA» YaCTHUb! C My3bIpbKoM. Ham npefcTapssaetcs, 
4TO BaxKHY!IO POJlb B Mpowecce CToOJb ObICTporo YTOHbINeCHUA %XKUAKOM Tpo- 
CIOHKM Me*KAY VaCTHUeH HU MY3bIP/KOM OJMKHbI MrpaTb WICKTPHYECKHE CHJIbI Apy- 
roro H€paBHOBeCHOro XapakTepa, CBA3SAHHbIe C AupPySHOHHbIM MOTeHILMaIOM 
ABYXKeCHHA, aHaJlorMunbim sipdexTy JlopHa, mpeyqcKa3aHHbIM HM TeopeTHYeCKH 
ACCJIEOBaHHbIM aBTOPOM 9TOM CTaTbH coBMecTHO c B. B. Jlepsrunpm (?,%). 

CYUHOCTb STOTO ABJICHHA COCTOUT B clefyrousem. IIpomece aqcop6unu uoHO- 
reHHOPO BeMeCTBA COMPOBOMKAAeTCA MOABJICHHEM Ha MOBEPXHOCTH 3apAya, 3HaK 
KOTOPOrO OAHHAKOB CO 3HAKOM TeX HOHOB, KOTOPbIe XapakTepu3yroTcs OowJbueH 
BeCIMYMHOK KospulnenTa Audpy3suu, 4To Jo nocwelHero BPeCMeCHH OCTAaBaJIOCb 
He€3aMeCueHHbIM. 

HeoOxofuMocTb BO3HUKHOBCHUA HEKOMIICHCHPOBaHHbIX QeEKPMYeCKUX 3apa- 
HOB B Mporecce acopOuwun Mpoule BCero YACHUTH, HCNOJb3YA MeTO] AoKa3zaTedb- 
CTBa OT MpoTHBHOroO. JlonycTuM, 4YTo oObeM pacTBopa * VM NOBepXHOCTb alcop6- 
WMH SJICEKTPOHEHTPaJIbHbl; 9TO MAaTeMaTHUeCKH BbIPawKaeTcA ceLyouluM o6- 
paso: 

LIC LC 0, 2 7 (1) 
meZ. 4M 27, C* WoC..." Wb = Balen GHoCEna KOHUCHTpalluu HM alcopOunH 
COOTBETCTBCHHO MOJIOXKUTEIbHBIX H OTPUMWATeIbHEIX HOHOB. B TakoM cJlyyae 
KOJMUYECTBA MOJIOKUTEbHBIX HM OTPHUaTCIbHbIX 3apAOB, MePCHOCMMBIX K TIO- 
BepXHOCTH JuppySHoHHbIMM MOTOKAaMM, OKayKyTCA HepaBHBIMM, ec Ko3(pdpu- 
IWHeHTLI Auppysun pasMuawTCA Mo BeMYMHe, MH Ha MOBEPXHOCTb alcopOuuH 
Oyler MocTynNaTb 3eKTpHUeCKHI TOK 


in = Ne(D* — D-)grad Z*C* — NeZ-D" grad C,, (2) 


* 
ToubKO padH MpOcTorbl MBI OrpaHHYHBaemca CyYaem OunapHOrO SmeKTpoMUTa. PasBuTHIe 
NpeACTaBeHAA MOryT ObITh COOOMeCHbI NPHMCHUTEAbHO K pacTBopaM C O6/bINMM YHCOM pasmn4- 
HbIX HOHOB. 
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| THe e — 3apad sextpona; N — uncao Asoragpo; D*u D-— xosdpbunnentet 
Audpysuu KoHoB. UroOp! NokasaTb, YTO ITOT TOK OTJMUEH OT HYJA TIPU Dips 
| BeIpasum grad C~ mpu nomomm (1) yepes grad C* u mogcrapum B (2) 


in = Ne (D* — D~) grad Z*C*. (3) 


Takum o6pasom, ecJlM axe B HauaJIbHbIii MOMeHT HOBepXHOCTb He 3apAxKeHa, 
| B mpomecce aXcopOunu ona 3apAUTCH MocpeACTBOM 93/eKTpHueCKOrO ToKa, 
| OOYCIOBeHHOrO ucbipySHOHHbIMH TOTOKaMH MOHOB, ¥ yculoBHe (2) HapyunTca. 
| Tlozqepxxusaempiii B mpomecce aXcopOuun u36pnrounpii saps MOBep XHOCTH 
(Z Y* —Z-T-) o6ycnopampaer aeKtpwyeckoe nome, 3aMelJIAIOWIee No,BoL 
K NOBepXHocTH OpicrTpo AudpyHAupylouux MoHOB * mM ycKOpsioNiee Mo_BOy 
MeJWIeHHO [udpyHAMpyfolluxX WOHOB, B pe3YJIbTaTe NapWMasbHbIe 9/eKTpH- 
yecKWe TOKH NOJOXKMTeIbHbIX M OTPUIaTebHbIX HOHOB IIpHMepHO BbIpaBHu- 
BaloTCcH, YeM OOeceuHBaeTCH NpHOM2KeHHad 3/IeKTPOHelTpabHOCTb M0- 
BePXHOCTH (3apsA, NOBeEPXHOCTH XOTH MH OTJMYeH OT HYJIA, HO He mporpeccupyer, 
M UHCIO SeKTPHYeCKH HEKOMMe€HCHPOBaHHbIX HOHOB OTHOCHTeJIbHO MaJiO). 
| SameTuM, TO Cc HacTyMeHHeM JMHaMMYeCKOrO paBHOBeCHA MpolleccoB all- 
| cop6unu — Jlecop6unn uddpy3sHvoHHEIe MOTOKH WMOHOB HM COOTBeTCTBeEHHO OXa- 
PaKkTepH3OBaHHble BbIMe MOA MCuesalOT, MeXKAY TeM OODIUHDI TBOMHOH 92/1eK- 
TpHyeckHH COM coxpaHsetcsx. B sTOM cOcTONT CylleCTBeHHOe OTMUHe ONMCaH- 
HOrO Bplllle SdiekTa OT H3BeCTHOFO ABJICHHA ABOMHOTO 3uIeKTPHYeCKOrO CJION, 
COOTBETCTBYIOUeETO YCJIOBHAM paBHOBecHs. 

Ha HenosByxKHOM MoBepXHOCTH pasjeda Mpoleccr aflcop6uuu u Tecopounn 
OObIYHO TIpoTeKalOT HecTallMOHapHO, BCJIeCTBHe Yero H3y4eHHe conyrTcTBylO- 
Mx Jupdy3HOHHbIX HW SJIEKTPHYeCKHX ABJICHHH, KaK 9KCIePHMeHTaJIbHOe, 
Tak MW TeopeTHyecKOe, B STHX YCJOBHAX 3aTpYAHHTeIbHO. Ha nodByxKHOH mo- 
BePXHOCTH pa3fela 9TH Tpolleccb! MOryT MpoTeKaTb CTalMOHapHO, 4TO OOuer- 
yaeT HX uccuIeqoBaHue. IIpHMeHNTeJILHO K TaKHM YCJIOBHAM OMHCaHHOe BbIILe 
ABJICHHe MOXKHO OTHOCHTb K KJiaccy Au@Ppy3HOHHIX Z/IEKTPOKHHETHYeCKHX 9(p- 
«pekTos **, CrelyeT nofuepKHYTb, YTO YCJIOBHA BOSHHKHOBeHHA ZTOTO ac*pdeKTa 
MHOorooOpa3Hbl. PaccMOTpeHHble paHee ABJICHHA: udy3HOHHO-9/1eKTpOKHHe- 
THYeCKHM MOTeHWMasl Kaleb (2) H BTOPHUHHIM TBOMHOK JeKTpHyecKuH cok (3) 
TY3bIPbKa — ABJIAIOTCA JIMIMb YaCTHbIMH MpHMepaMu udPpy3HOHHbIX 9JeK- 
TPOKHHeTHYeCKHX 9pPeKTOB. 

B ycnopuax (ioTall\uv MOXKHO yKa3aTb, NO KpaliHel Mepe, Ha TPM pa3viMy- 
HbIX MeXaHH3Ma BJIMAHMA paccMaTpHBaemoro 2adpekTa Ha mpolecc cOIMKeHHA 
MHHepaJIbHOH UacTHUbl C MOBePXHOCTbIO My3bIpbkKa. 

2. B63 MOXBYXKHOH NMOBepXHOCTH My3bIpbKa BCcJleqcTBHe Audppysuu 
(OpMupyeTca Tak HasbiBaeMbIit «BTOPHUHLIM TBOUHOM SIeKTPMYecKHH COM» (*). 
PacueTb! NOKa3bIBal0T, TO HalpAXCHHOCTb SICKTPHYeECKOFO MOA BO BTOPH4- 
HOM JIBOHHOM cul0e JocTuraeT 3HavYeHHH MOpAAKa HeCKOJIbKMX COT BOJIbT Ha 
CaHTMMeTp. CTOJIb CHJIbHbIe 3IEKTPHUeCKHe MOJIA MOryT CYUeCTBeHHO MOBJIMATb 
Ha Mpolecc COMMKeCHUA MMHepaJIbHOH YaCTHIbI C MOBeEpXHOCTbIO Mysbipbka ***, 
‘OWHaKO TOJMLMHa BTOPHUHOLO COA COCTABJIAeT BCeFO JIMUIb HECKOJIbKO MHKPOH, 
BCeCNCTBHe Yero MpocsequTb HenocpeACTBeHHOe BJIMAHMeE BTOPWYHOFO COA 
Ha JBWKEHHe MUHepaJIbHOM YaCTHIbl yaeTCA JIMIIb MPH OYeHb MaJIOM ee pas- 
Mepe. JlelicrBuTesbHO, eC pa3Mep 4aCTHI[bl MeHbIle BTOPHYHOTO ABOHHOTO 
COA, HCKa2%KeHHeM MOCeHero Mp MOrpyKeHHH B Hero YaCTHLbI MOKHO B Mep- 
BOM TIpHOWKeHUH MpeHeOpeyb. PaccmaTpuBax YacTHUy B 3alaHHOM 9JIeKTpPO- 


* Tak Kak wame BCef KaTHOH OpraHMyecKoro SeKTpoOMMTa-coOupaTeA MHOTO Jerue 
NOABWXKHEe AHHOHa, MOBEPXHOCTh alCcopOuMH OObIMHO MIpHOOpeTaeT NOMORUTCMbHBIM 3apAN, MO- 
BepXHOCTh ecopO6uMH — OTPHILaTe/bHbII. 

** Qro ompaBlaHo TeM, YTO B PaCCMATPHBACMOM ABMCHHM SCKTPHYECKOE MONe BOSHHKACT 
3a CYCT OTKJOHCHHA OT paBHOBeCHA aCOPOMMOHHOFO COA MOHOFeHHOrO peareuTa B Mpolecce 
UBYKeHuA, MOLo6HO addexty JlopHa (OfMH U3 IWICKTPOKMHCTHYCCKHX acbpeKTOB), H 3a CueT 


mpouecca Audpysnu. 
*** TletabHad KONMUCCTBEHHAA TEOPMA WIEKTPMYeCKOTO MONA NysbipbKa OyAeT onyOuMKo- 


Bana B )KypHase pusnueckoH XMMHH. 
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CTaTHYeCKOM T0Jle BTOPHYHOFO ABOMHOFO COA, MOXKHO CUHTATb, YTO OHA MOA-~ Ff 
BepraeTca JelicTBuIO SuleKTpCopeTH4eCKOH CHVJIbI. DQAeKTpOpopeTuyeckaA CKO- 
pOCTb B MOJe, COCTABJIAION[EM HECKOJIbKO COT BOJIbT Ha CaHTHMeTP, AIA YaCTHIL. 
pa3MepOM B HeCKOJIbKO MHKPOH 3Ha¥HTebHO MpeBOCXOAMT BO3MO%KHBIC 3Ha- 
YeHHA CKOPOCTH, OOYCJOBJIeHHbIe CHJIaMH TAXKECTH WM MHeEPIMH (4). Takum 0o6- 
pa3oM, OcaxKeHHe MeIbualWMx “aCcTHI, (YaCTHI, WviIaMMOB) Ha MOBepXHOCTb 
HY3bIpbKa akTWYeCKM OCYLIeCTBAAeTCA TMOCpeACTBOM SuleKTpcCPopesa BO BTO- 
PHYHOM ABOMHOM aueKTpH4ecKOM noe. TakuM OOpa30M, B HacTOAlee BPeMs 
CYILeCTBYIOT OCHOBHbIe NpeANOCHIIKH [IH MOCTPOCHHA KOJIMYeCTBEHHOH TeOPHH 
iorallun MewbualWiMX WIaMMOB, TaK KaK KOJIMYeCTBEHHbIeC 3aKOHOMepHOCTH. 
ABWKeHUA UaAcTHIL LO Norpy2*eHUA BO BOpHUHI coi paccmoTpeHbI B (%), 
guleKTpotopeTHuecKkoe JBH2KCHHE BO BTOPHYHOM Cj10e MOXKET ObITh paccCMOTPeHO 
Ha OCHOBe Pe3YJIbTAaTOB, MOsJYYeHHHIX B (*, °), a B3aHMOJeHCTBHE Mp Nepekpbi~ 
THM LMcppy3HbIX HOHHBIX aTMOctdbep PpaCCMOTPeHO B TeOpHu FeTepokoary/1AWHH, 
passutoh A. B. Jleparvupm. 

3. SHauduTeIbHO CIOXKHeEe MeXAHH3M COJIMKCHHA C NOBEPXHOCTbIO My3bIpbKa: 
yacTHI, pa3Mep KOTOPbIX MpeBbilaeT TOMIMHY BTOpHuHOrO cmon. Mp orpa~ 
HHUMM paccMOTpeHHe CJlyuaeM YacTHI, He CJIMWIKOM KpynNHOrO pa3Mepa, CO/H- 
YKCHHE KOTOPbIX C MOBepXHOCTbIO He HOCHT XapakTepa yapa, OOyCJIOBMeHHOrO: 
WMHeEPpUMOHHBIMH cHwiaMH. Take YaCTHIbl ABHXKYTCA NOYTH NO JMHHAM TOKAa 
MKHIKCCTH WH COIMKAIOTCH C MOBEPXHOCTbIO Ny3bIpbKa NOcTemeHHO, TaK Kak 
JMHHA TOKa Mp NepeMellleHHH OT MOOCa Ny3biIpbKa K efO SKBaTOPY MJlaBHO 
mpu6mMxKaeTca K ero MOBepxHOcTH. OyHakO JIA CONPHKOCHOBeHHA YacTHIbl. 
C NY3bIPbKOM HeOOXOAMMO 3a BECbMa KOPOTKHH OTPe30K BpeMeHH, COCTaBJIAIO- 
IlHH H€CKOJIbKO COTHIX Ce€KYHJbI, BbIJaBUTb TWI€HKY 2KUAKOCTH, pa3sJle/AIOWLy!O 
yacTHuy HW my3pipek. BropvuHbih JBOHHOH SJIeKTPpHYeCKHH cuIOH My3bipbKa. 
HenOcpeJCTBeHHO He MOKeT CNOCOOCTBOBaTb STOMY Mpolleccy, TaK KaK OH. 
mpakTuyeckH UcuesaeT MPH MpHvOWKeHHH UYacTHUb. Pactrakenue moBepx- 
HOCTH MNY3bIPbKa, ABJIAIOWLeeCA MPHYHHOH BO3HHKHOBeCHHA BTOPHYHOrO JBOH- 
HOrO COA, TacHTcA MpHOsMxKaloulelica YacTHueH, Tak KaK BCJeJCTBHeE BxA3- 
KOCTH PaCTS2KeHHe MJICHKH 3aTpyHeHO. B 9sTHX YCOBHAX, OHAKO, d/eKTPH- 
yecKHe CHJIbl JOJKHbI BOSHHKaTb B pe3yJibTaTe mpollecca Aecop6unn dsoro- 
peareHTa C MOBepXHOCTH YaCTHI, H acOpOWHH ero Ha MOBepXHOCTH My3bIpbKa. 

EciH CuHTaTb, YTO Ha NOBepXHOCTH YaCTHUbl HMeeT MecTO JMHAMHYeCKOe 
PpaBHoBecHe MpolleccoB afcopOunu — JecopOunH, NpH npHOmMKeHHH K M0- 
BePpXHOCTH Iy3bIpbKa 9TO paBHOBecHe HapywIMTCA y TOH uacTH NOBepXHOCTH 
YaCTHIbI, KOTOPaH nMorpyxKaetca B AndpdySHOHHbI norpaHHyHpl cnon. Jleli- 
CTBUTCJIBHO, BOJIM3H MOABH2KHOK MOBepXHOCTH Ny3bIpbka, MO KpaliHelt Mepe 
B BepXHeH eFO MOJOBMHE, Te NOBeEPXHOCTb NYy3bIPbKa pacTArMBaeTCA HU BOC- 
MpOW3BORHTCA MOBePXHOCTb Ppasfesia BOa — BO3AyX, KOHUeHTpalina cboTo- 
peareHTa NOHW2KeHa, Tak KaK Mp ObICTpOM PacTAxXeHHH NOBePXHOCTH cTa- 
WHOHAapHoe 3HaveHHe aCOpOWMM MHOTO MeHbIe PaBHOBeECHOrO (MO OTHOLeHHIO 
K cpeHeH OObeMHOH KOHUeHTpallun) sHayenna *. Tlostomy mpu norpyxeHnu 
YaCTHUb! B AudPy3MOHHMI NorpaHHuHbl cio duoropeareHT Aecop6upyerca 
c ee noBepxHocTH, AudpyHaAupyer (B AuccolMHpoBaHHOli dopMe) K NOBepx- 
HOCTH Ny3biIpbKa M afcopOupyetca Ha He. YuacTBylollaa B 9TOM Mmpomecce 
YaCTb MOBEPXHOCTH Ny3bipbKa MpMoOperaeT H3ObITOUHHI 3apa, 3HaK KOTO- 
poro copnafaeT CO 3HaKOM ObICTpO AuddpyHAupylouux voHoB. PasBuplii sapar 
MPOTHBONONOXHKHOTO 3HaKa pacnpefeineTcH Ha TOH YacTH NOBepXHOCTH 4a- 
CTHUbI, C KOTOPOH MpoucxozHT Jecop6una. Ouenka mOKa3bIBaeT, UTO pH 9TOM 
peasuSyIOTCH SeKTPHYeCKHe MOA NOpAAKa ThICAY BOLT Ha CaHTHMETp. 

Bosuukalollve SHAYHTeJIbHbIe SJIeKTPWYeCKUe CHJIbI OCYLLeCTBUIAIOT YTOHb- 
WeHHe IMI€HKM JBOAKHM OOpasom. Bo-nepBEIX, ModexKalllad YyTOHbINeHHIO 


* TichwxKenHble 3HaueHHA ancopOunH Ha NOABHxKHOM MoBepXHOCTH NySbipbKa paccunTsi 
BalOTCA TOUHO TAKHM 2Ke COpasoM, Kak B CWlyuae Kall XKUKOCTH, Madame B HHO! cpene (°)- 
Tipu AOCCTATOMHO BbICOKOM 3HaYCHHH OTHOLWCHHA NOBepXHOCTHOM KOHWECHTpauun cbroTopearenta 
K CObeMHOH MOHMKeHHE alcopOluN pacnpocTpansAetca u Ha 3HAUHTeEJIBHYIO YaCTb HH2KHEH MO- 
JIOBHHbI Wy3bipbKa. 
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MyleHKa OKa3biBaeTCA 3a%KaTOH KaK Obl MexKy WwlaCTHHaMH KOHJeHcaTOpa, Of- 
Holi M3 KOTOPBIX ABJIAeCTCA «MATHO» 3apAMOB Ha MOBePXHOCTH My3bIpbKa, Apy- 
TOM — «NATHO» 3apALOB MpOTHBONONORKHOrO 3HaKAa Ha MOBEPXHOCTH 4YaCTHILbl. 
IIpurarupasdch Apyr K Apyry moso0OHO maacTHHaM KOHJeHcaTOpa, 9TH «MATHa» 
BbIMaBJIMBaloT KUAKOCTb. BoO-BTOpbIX, YTOHbLIeHHIO MIEHKH CiOCOOCTBYIOT CHJIbI 
OTTA/IKHBaHHA, MeHCTByIOUlNe M2xKLY OAHOMMeHHbIMA 3apaaMu aHHOrO MATHA, 
NO, BJIMAHHeEM KOTOPbIX «MATHO» Ha MOBePXHOCTH My3bIpbKa HaXOMMTCA B CO- 
CTOAHHM paluasbHOro pacTaKenua *, KOTOPOe Mepefaerca MleHKe, BCeACTBHe 
yerO OHA YTOHbIUIaeTCaA. 

BaxxHow Oco6eHHOCTbIO OMMCaHHOrO mpowecca ABIAMeTCA HapacTaHHe ero 
<KOPOCTH BO BpeMeHH, TaK KaK MO Mepe YTOHbINeHHA MJICHKM MVIOTHOCTH 3a- 
PANOB MW COOTBETCTBEHHO 3/IEKTPHYecKHe CHMIbl pacryT **. 

4, Ecau @aoropeareut 3akpeneH Ha MOBepXHOCTH 4YaCTHIIL! B pe3yJb- 
-TaTe XeMOCOpOUHH, MecopOWHA MOBePpXHOCTHO-aKTHBHOrO HMOHAa MpOUCXOAUT 
CTOJIb M@JVICEHHO, 4TO, BBHAY KpaTKOBpeMeHHOCTH B3aHMOJeMCTBHA UacTHUbl 
C MY3bIDbKOM, MOX%KHO He YYHTHIBaTb JECOPOUNN MOBePXHOCTHO-aKTHBHOPO HOHAa, 
|Mexyy TeM HOHbI BToporo copra GOpicrpo AecopOupyiorca nu Audpyasupyror 
| K MOBePXHOCTH, Pe HX KOHWeHTpaluaA HwKe. TakHM OOpa30M, MpH4HHOH pa3- 
| JeNeHHA MOMOKUTCIbHLIX H OTPHUaTebHbIX 3aPAOB B 3TOM cJly4ae OyMeT He 
pasiMuve KospPpulneHTOB Auppy3suu, a pa3iMuHe B CKOpOocTaX AecopoOuuH. 
MexauHu3M mpolecca yTOHbINeHHA MIeHKH B 93TOM Ciy4ae aHamorMyeH pac- 
CMOTPeHHOMy BO. 3. 

5. H3noxKenuple B mn. 3 w 4 cooOpaxkeHHA HOCAT KaveCTBeHHbIM Xapak- 
| tep. J[erabHOe KOJIMYeCTBeEHHOe PacCMOTPeHHe YKa3aHHbIX ABJeHHM COCTaBUT 
cOfepKanne JlatbHeHuiei padorpt. I]peaBapurembHO yKaKeM, 4TO mMpoBeeH- 
ble OWeHKH NOATBEPAWJIH ONpPeeIAOWLYIO PO/JIb OMMCAHHbIX BbILlIe MpOleccoB 
B KMHeTHKe CTaqMH YTOHbUIeCHHA MIe€HKH MpH GioTalHu, 3aKaH4uBatollelica 
MePeKPbITHeM AMPy3HbIX HOHHbIX aTMOcdep MH Ny3bipbKa. BaxkHo nodyepK- 
HyTb *** uro pa3BUTHe MpeAcTaBsIeHHA MO3BO/IAeT, MO-BHAHMOMY, OObACHHTb U 
CHeWHPAYHOCTh MpupoAbl d.10TOpeareHToB, MpeACTaBAIOWWHX, Kak MpaBuuio, 
OpraHvyeckue 3eKTpomuTol (°). 

Cunta'io CBOMM MpHATHbIM JlOFOM BbIpa3sHTb OslarofapHOcTb 4J.-KOpp. 
AH CCCP B. B. Jlepsruny 3a WeHHble coBeThI HW MOe3HbIe WHCKYCcHH. 


Kapka3CKHH MHCTUTYT Tloctynuso 
MHHEepaJIbHOFO CbIDbA 2 10 1X 1959 
WHTHPOBAHHAS JIMTEPATYPA! 
15,B. Leparuu, Koan. xypu., 16, B. 6,425 (1954); Farad. Soc. Disc., Ne 18, 85 (1954). 
OG yk VA, 2 Ds.B. Le pariuny, JIAH,  12t 0 Nee" (1958), 8 CuCh vauen, 
B. B. Leparnuu, Kona. xypu., 20, 8. 6, 705 (1958). *C.C. Lyxuu, B.B. Teparan, 
Uss. AH CCCP, Merannyprua u Tonauso, B. 1 (1959). ®&C.C. Tyxun, B. B. Te 
per wan, Kou KY PHA 21, Badly 370999) 44) * Ko eG.a's 6 pane u 2, «Se Be Y.0 pum, 


Mpuuyuner proraunu, 1958, crp. 22. 


* ZapsKeHHOe «MATHO) Ha MOBEPXHOCTH MUHEPabHOH YaCTHUbl pacliMpxAeTCH B Ciy4ae, 
ecm (boTopearenT aycopOupoBan PUSH4eCKH, T. €. HaJIMILO HeMOKAIM30BAHHAaA ajcop6uua. 

** VYeenmuuBaerca TpaXMeHT KOHICHTpallMH, OMpefensiouMH BeMMYMHYy HallpAKeHHOCTU 
SCKTPHYeCKOFO MOA HM MMOTHOCTH 3apAAOB, TaK Kak Mepenad KOHWeHTpalluH He ycmeBaeT cy- 
U[ECTBEHHO YMCHbIIHTbCA 3a BPeMA MOpAAKa COTHIX FONE CeKYHABI, a TOMMMHA MWeHKH yOuIBae?. 

*** He 6xoJMMO, KOHCYHO, MOMHHTb, ITO paCCMOTPeHHbIe MpPOMECChI TOMbKO B TOM Cwytae 
OnpeNeMIOT KMHETHKYy (poTalluu, Kora OCTaJIbHbIe CTaquM €€, B YaCTHOCTH CTaMA YTOHbINeHHA 
HWICHKH B pallone B3aHMOJelCTBAA MepeKpbIBaloulAXcA Audpy3Hbix (KMe@pBHUHBIX») HOHHBbIX 
c10eB, ABJIAIOTCA CyNLeCTBEHHO Oovee OzicTpbIMH. B npoTHBHOM Cj1y4ae 9TH Apyrue cTaqun Oyay? 
OUPeeATh KUHETHKY MH CaMYlO BOSMOXKHOCTh C/OTAMOHHOFO 3aKpeNeHHA YaCTHIL. 
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TrEO/JOVH } 


P. E. fHTEPMAH wu H. . KYMPHHA 


CNOPOBO-NbIJIBULEBbIE CIMEKTPbl UETBEPTHURBIX OTJIOFKEHU 
COJIMHbI p. SHbI 
(IT pedcmaeaexo axademuxom B. H. Cyxaueeoim 17 X 1959) 


Ilo ucropuu pacruTedbHOCTH ceBepo-BOCTOUHOM SIKYTHH MMeeTCA TOJIbK' 
cpoqHaa padora A. IJ. Bacbxoscxoro ('). Ha ocHoOBaHHH HM3y4eHHA Ma 
KpoocTaTKOB HM aHHbIX CMOPOBO-NbWIbWeBOrO aHasIH3a OH BOCCTaHaBJIHBae 
MCTOPHIO pasBHTHA paCTHTeJIbHOCTH B TeYeHHe YeTBePTHYHOFO MepHoa, BbI 
Head TPH cbasbl MOXONOMaHHA, COOTBETCTBYIOMIMe TpeM OJIeeHeHHAM, HM THI 
TenJIbIX (ba3bl — MexkseqHHKOBbA. Ilo ero aHHbIM, KOHeIL TpeTHYHOrO UH Ha 
yalO YeTBEPTHYHOTO BPeMeHH XapaKTePpH3yeTCA MPHCyTCTBHEM 9K3OTOB (aMe’ 
pHKaHCKOro ceporo Opexa, MeTaceKBOWM, a TakxKe CeBepOaMepHKaHCKUX BH 
OB ceM. cocHoBpIX). Ilocuie paHHeyeTBepTHYHOPO OJIeqeHeHHA OHH MOJIHOCTbK 
ucuesaloT WH B TeYeHHe MOCeLyIOULMX MeXKJIeIHHKOBHM B CocTaBe pacTuTesb: 
HOCTH rocnofcTByeT Talira, O1M3KaA K COBpeMeHHOH. 

CnenyetT Take ynoMaHyTb padory M. V1. Hekurragra (7), nocBalleHHyK 
UCTOpHH slecoB uM Maseoreorpadpuu CCCP B rowouene. Cpequ pernoHaJbHbI> 
THMOB CHOPOBO-MbIIbUeBLIX AHarpaMM, NIpHBeJeHHbIX B Heli, ecrb AnadpIpcKur 
THN, KOTOpbIH CxXOJeH C NOJyYeHHOH HaMM AMarpaMMoH oTIOowKeHuK I Haz: 
TIOHMMeHHOH Teppacbl. 

B nocaequne rogpt (1956—1958 rr.) G6ombuime paOoTn Ha TeppHTopuH IIpxu- 
MOPCKOH HH3MeHHOCTH, B HH30BbAX Omovios, Wut, Magqurupku npososMar 
COTpyqHHKH HayuHo-HccleloBaTesIbcCKOrO MHCTHTYTa Yeonormu APKTHKH. 
B cBxa3H C TeM, 4TO B H3y4aBLUeMCA MMH palHOHe pa3BUTbI _MpeHMYLULeCTBeHHC 
BePXHEMJICHCTOMCHOBLIe OTJIOXKCHHA, MPHBOAHMbIe MaHHbIe CMOPOBO-MbIVIbLe- 
BOrO aHaJIH3a OTHOCATCH K MOCJIeqHeEMy OTPe3Ky UYeTBePTHYHOTO MepHosia. 
Kpome Toro, B HX OTYeTAX eCTb JaHHble NO OMOJONCKOH (ope, KOTOPy10 6OuB: 
INHHCTBO aBTOPOB OTHOCAT K PaHHeyeTBepTHYHOMY BpeMeHH. HauG6ouee ca6e 
OCBeLeHHbIM BO BCe€X YKa3aHHbIX paOoTax OcTaeTcA cpeAHHH NMelcToeH. 

B 1958 r. ofHum u3 Hac (H. II. Kynpuuoi) mpopoxqunucb uccneqoBaHns 
B MOMHe p. AHbI, NOSBOMMBIIHE COOPaTb MaTepHaJIbI AIA CHOPOBO-NbIWIbIeBOrC 
aHaIH3a aJJIIOBMaJIbHbIX MJIeHCTOWeHOBBIX OcalKoB. I]popeqeHHpli P. E. Tu 
TepMaH aHaJIH3 COP HM MbWIbILbI MO3BOAeT OONee MOMHO BOCCTAHOBHTb UCTO 
PHiO pa3BHTHA PaCTHTeJIbHOCTH BTOPOH MOJIOBHHbI MlelicToleHa. 

Ha BceM H3yYeHHOM OTpesKe JOHHbI p. Auer, or moc. Bartirait 0 esbTpt 
PasBUTa CepHA aJIIOBHaJIbHbIX Teppac, COCTOAUad u3 4 HaNOMMeHHBIX Tep: 
pac WH MHOrocTyNeHy¥aTOH, CIO%KHO NOCTPOeHHOM MOMMBI. 

HavOouee [peBnue YeTBEPTHUHbIe OTJOXKeHUA B U3YYeCHHOM uacTH OHH 
p. Anbl mpuypouenst Kk 30-MerpoBoi Teppace. Teppaca xopomio BpIpaxKeHs 
B peslbede UM MpOcexKMBaeTCA Ha BCEM H3YYeHHOM OTpesKe JOMHBI. Teppaca — 
aKKYMYJIATHBHAA, OHA HalleslO ClO%KeHa TOHKOSePHHCTbIMH MecKaMH TeMHO 
ceporo uM TeMHO-Oyporo UBeTa co ca60 BbIpaxKeHHOM KOCOH cOMCTOCTHIO. 
BCTPeWalOTCA OTAEJbHbIe MpOCOM cpeMHeSepHUHCTHIX NecKkoB. JleqAHbIe XKWIE 
B OTJIOKeHHAX Teppacbl OTcyTcTByioT. HuKkakux dbayHucTHyecKuX HaxOJO}! 
Het. M3 ormox%eHu STOH TeppacbI OblO MpOaHamH3MpOBaHO HeCKONBKO O6pa3 
MOB, HO IbWIblla OKa3aJlaCb JIMIb B OJHOM. B cocTaBe NOsyYeHHOrO cnopoBoO 
MbWIbIeBOrO CHeKTpa MpeoO/aqala MbWibla HepeBecHbIx pacTenuit (67%) 
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ppeitia APEBECHBIX MOpOM coctaBasia 22%, cnoppr 11%. Cpequ Heapepecuprx 
MHOPO MIbIIbUbI 31aKOB HM nOvIbIHeli. J[pepecune mpelcraBenbl eMHWyAEIMU 
WePHaMU O/bXH (BepOaATHO, KYCTapHUKOBOH) u Oepesbr (ApeBecHaad um Kyctap- 
HHUKOBaA opMbi). 
HloctaTouHO OHO Kak (blopucTuyecKH, Tak u (bayHucTHyecKkH OXapak- 
TepH3OBaHbI OTOKeHA III Teppacw. Ona mupoKo pasButa B rOpHOoH uacTu 
AOMHbI WH uMeeT BEICOTyY 25—27 m. Munorga ee suicora Jocruraer 30-—33 M, 
WTO CBASAHO C NOAHATHEM WOKONIA Ha HeKOTOpPbIX yYaCTKaX; KPOMe TOPO, BBI- 
cora Teppachl YacTO yBeJINNeHa 3a C¥eT SIIHTeHeTHYeCKOrO HapacTaHUA JIbIOB. 
Teppaca coxKeHa C MOBepXHOcTH TOHKAMH HIOBaTbIMU CYrIMHKaMH KeJITO-6y- 
1 


|poro Upera, MOIHOCTBIO 0,8—1,2m.Iloq Humu 3aeraer TOpaHad Npocsoka MOLL- 
j HOCTHIO JO 3 M. Hwxe ulyt ouenb 


WTOHKHe TeEMHO-cepble’ cynecn, 


ae ' fies elNolie) 
ud cocmab i, / 
WKOCO- HU TOpu30HTabHCeONC- Es @ bee Gey 3 a, Se Fae 
) 

tbe. KHu3y MaTepuas cTaHOBHT- Dames © ed oll (ee ee 


dca Oovlee rpyObiM, NOABAAIOTCA 
WenOuKH TaJieK, 3aTeM OHH rlepe- 
XOJAT BrasledHukKH. Takoe crpoe- 
uve II] teppacbl xapakTepHo 
WIA BCEX H3YY4CHHBIX paspesos. 
Bee 9TH OTJIO%KeHHA MpOpBaHbl 
MOLUHbIMH XKWJIaMH Jibla *, Ha- 
quHalolluMuca Ha 0,6 MM oT 
| MOBePpXHOCTH Teppacbl HW 3aKaH- 
WHBalOWWMMUCA B TavieUHHKaXx. 
| Bo Bcex pa3pe3ax STOW Teppacbi 
oOHapyxKeHO in situ Oombul0e Pye, 1. Cnoposo-npiibuesaA JMarpamMa oTwoxKenult 
KOJIMYeCTBO KOCTeH MJleKOMMTatIo- ‘III waqnotimenno teppacer p. Aun: 1— Toph, 2— 
HX. CyIvIHHOK, 3— men, 4—  mecox, 5— cnophl, 6 — 


++, Iblibla ApeBeCHbIX MOpoy, 7 — MbiWIblla HeApeBeCHbIX 
HaxoyKu Elephas primige pacrenui, 8 — mbliblta ocoK, 9 — MbiIblla MOJIbIHel, 


Nius paHHero THMa HW OUCH Kpyni- 10 — fipliblla pasHoTpaBpa, // — mblbila 31akoB 
Hble PopMpt Equus caballus ja- 

oT OcHOBaHHe, 0 MHeHuIo 9. A. BanrenreliM, WaTHpOBaTb 3TH OTJOKeHUA 
BTOPpOH NOJIOBHHOH cpeAHero MleHcrToleHa. 

B cnoposo-nbiibueBbix cnekTpax oTjomweHHi II] HagqnosMennoli Teppacbi 
TOCHOACTBYeT MbiIblla TPaBAHHCTHIX pacTeHuli (puc. 1) (or 85 Ao 97%), nbIbUAa 
[pepecubix nopoy, pcrpeyaerca efuHuyHO (1—7%). 

TlosyueHuple cieKTpbl, 0-BHJMMOMy, CJleqyeT CYHTATb TYHAPOBbIMU; 0G 
3TOM CBHJeTeJIbCTBYeT IIPHCyTCTBHe B HUX TaKHX XOJIOAOMIOOMBLIX BHAOB, Kak 
Selaginella sibirica u Cerastium maximum. 

II reppaca B qoumue Aupr umeer BEIcoty 15—17 M. Kak npaBwo, Ona ak- 
KYMYJIATHBHAA, HO Ha OTACbHbIX MPHMOLHATHIX yUacTKaX WOKOJIb ee OOHAaKeH. 
Teppaca xopomwio BbIpaxkeHa Kak B TOpHOM uacTH JoOMHbI, Tak UH Ha IIpn- 
MOpcKOH HHu3MeHHOcTH. B ee cTpoeHHH MpHHMMAaloT yuacTHe B OCHOBHOM TOH- 
Ke cylecH H CyrIMHKH TeMHO-ceporo Beta. B HekOTOpbIX pa3pe3axX B BepX- 
Heli YacTH mpucyrTcrBylor TopdanuKH. Ilia Teppacbl XapakTepHO IpHcyTcTBue 
XKWJIbHBIX JIbOB. Ha MoBepXHOCTH Teppacbl, B HeMmOcpeACTBeHHOH OJIM30CTH OT: 
OOpHiBa, XOPOUWIO BbIpaxKeHbl PaspyWlalOllHecA  KHJIbHbIe MOJHTOHbI — Oali- 
IKapaxu. Ornocutenbuas Bpicora ux 1,5—2 M. 

- K ormoxKeHHAM STO Teppacbl IpHypoueHO OobIUIOe KOMMYeCTBO HaXOJOK 
bayHpt. Bce HaxOLKH MpHHalexaT BepXHelaJIeOMMTHYCCKOMY KOMIVICKCY, TO, 
MaeT OCHOBaHHe JaTHPOBaTb OTJOXKEHHA KaK BePXHEIWICHCTOLMCHOBHIe. 

Cnoposo-rbivIbleBble CMeKTPbl HS OTJOXKeHHM STOH Teppacbl cylelyeT OT- 
HOCHTb K slecoryHAposomy Tuy. J\Ia HUX XapaKTePHO OTHOCHTEJIbHO BbICOKOe 
colepxKaHue MbWIbUbI ApeBecHbIx nopog (oT 15 Zo 45% Larix, Pinus pumila, 
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* Wccneqopanua KpHOreHHoro CTpOeCHHA YeTBEPTHYHEIX OTMOKCHHH B JoNMHe p. HHI 
mposoyuaucp Bb. MW. Briopuxpm (Aactutyt mepsmoroseyenua AH CCCP). 
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Alnus, “Betula, 4pepecHple H KYCTapHHKOBBIe (pOpMbI), a TakxKe HefpeBecHl 

pacrenuit (53—76%). 
Vurepecupie Janae OblIM MOyYeHbI B pesybTaTe W3yNeHHA OTJIOMKCH 
| Haqnofimenuoli Teppacsl. Ira Teppaca B one p. AHbI MMeeT BBICOTY 12—13. 
uHorga Jo 15 mM. Ona serpeyaetca (bparMeHTapHO, COXpaHAACh B MpHYyCTbeB 
yuacTKkaxX HeOolbuINx mpuToKoB u pyubes. Io cBoeMy JIMTOOrHYecKOMy 
KPHOreHHOMY CTpOeHHIO OHA Pe3KO OT/IMYaeTCH Kak OT MOMMbI, TaK H OT ITs 
pacbl. CroxeHa Teppaca vepeyloulMMucd MpocioAMM MecKa M TasleuHHH 
TIpeo61aqaer cBerso-ceppili, MHOra 3e/leHOBAaTbIM MeJIKOS€PHUCTHIM Mec 
Tambka B OCHOBHOM MeJIK 
Pik yachop at hm 2) ae 60/IbLIHM  KOJIHUeECTB 

/ 7 

Obuud cocmob nenede — Gpebecnerx nopod njemap- rpaBHsA, XOpOWO OKaTat 
2 D680 COL LO" ROAM C0, MouHocTbh mpocsoeB Tad 
«a mee OSs, HukKa or 0,45 Jo 2,5 M, ™ 


Ka 2—2,5 M. 

B ormoxKeHHAX STOH T 

pacbl HaGsloJatoTca HeOo: 

Ive %KWIbI JIbda, KOTOD) 
mo THMY pocta OTHOCATCA 


9TMPeHeTHYeCKHM. 

Cnoposo-nblibleBble cn 
KTpbI OTOKeHHH | Hanno! 
MeHHOM Teppacp (puc. 2) 
CBOeMy COCTaBY pe3KO OTJ 
YaloTCA OT CNEKTPOB pyr 
Teppac TeM, 4TO B HHX Po: 


Puce. 2. Cnoposo-nbinbuepad AuarpaMMa oTmoxenni I Os pee Ape 
HamnoliMesHow Teppacht p. Aust: /— mousennsii ropu- HbIX NOpos (n0°82%). [ptt 
30HT, 2— raneuHuK, 3 — necok, 4— cnoppl, '— npiibua Wa JIMCTBEHHHUbI COCTAaBJIAE 
HeApeBecHbIX pacTeduH, 6 — Mbiblla Apewecublx Nopod, or § Jo 23%, Ke[POBOI 


7— Mblatbua Oepesbt (ApesecHad cbopma), 8& — mbiibila 0 
JIMCTBEHHHMUbI, 9 — nbWibia enn, 10 — mbiibla COCHHI, pe ENS mo 15 0 , OJIBX 
11 — npwibya OnbxXH qo 74%, MHoro TIbWIbUbI Apt 


BOBHAHOH Oepesbl; IMbiJIbIL 

TPaBAHHCTHIX PpacTeHHH M 
J1O, OHa cocTaBuseT Bcero 20% oT OOulero KOMMYECTBa NbLIbUbIu cnop. Tak 
oOpa30M, AA ormowKeHuH | HamOMMeHHOH Teppacbl XapaKTepHbl THMMUHB 
JI@CHbIe CMeKTPbI. 

Ha BceM H3y4eHHOM OTpesKe JONHHE Mubl, oT m. Batpirali oO Deere, UW 
pOKO pa3BHTa MHOrocTynenyatad moma. Ilourn Bese XOpOMIO BIMeAIOTCA BBIC 
KHH, cpeqHHM HW HH3KHH ypoBHu. B pa3HbixX yuacTKaxX JOJIMHbI OHV HeECKOJIbE 
MeHaIoTcd. Tak, B TOpHOH YacTH JOMHbI BbICOKaH mouMa uMeeT BEICOTyY 6} 
pH Bpixofe Ha [IpumMopckytoO HH3MeHHOCTb JO 8 M HB JembTe OKONO 2 M. 

B ropHod wacTH JOMMHbI NOMMa CO%KeHa B OCHOBHOM TOHKO3ePHHCTBIM 
mecKaMM KeJITOBaTO-3e/JIeHOBaTOrO HM TeMHO-ceporo Beta, cla60 3aH/IeHHbIM 
C HeOOJIbLIMM KOJIMYeCTBOM PaCTHTeJIbHbIX OCTaTKOB. B mpeketax HH3MeHHOCT 
MOHMa MMeeT Ooslee WIMpOKOe Pa3BHTHe, ‘C/lO%KeHa OOee TOHKMM MaTepuaso} 
MpecTaBJIeHHbIM TOHKHMM CyMeciMH HM CHJIbHO 3aTOpPOBaHHbIMM CyPIMHKaMI 

B orjoxKeHHAX BbICOKOM MOMMbI WHPOKO Pa3BUTbI JeLAHbIe XKWJIBI; B OCHO! 
HOM OHH CHHTeHeTHYeCKHe, PeAKO BCTpedaloTca 9nmMreHeTHYecKHe. B nomyuel 
HOM CIOPOBO-MIbIIbUeBOM CMeKTpe H3 OTOMKeHHH MOMMb! COMepKUTCA MbIVIbY 
ApepecHbix mopog 50%, MbLIbibl HekpeBecHblx pactenult 45%, cnop 5%: Be 
CTaBe MIbIIbUbI APeBeCHLIX NOpOA mpeoOalaer ObXa (BO3MOXKHO, KYCTAapHUKt 
Bat (opMa), BCTpeYeHbI eCAMHMYHbIe 3epHa JIMCTBeEHHMUbI, KeMpOBOro cTvial 
HUKa, Oepesbl (ApeBecHad M KycTapHukoBax dopa). Taxol Tun cnexTpa xX 
pakTepH3yeT YCOBMA JIeCOTYHApbIl, OM3KOH K COBPeMeHHO. 

TlonyyeHubie, XOTH HW HeEMHOTOUMCeHHbIe, LaHHble MO3BOMMAM aBTOpaM Hi 
M€THTb OCHOBHbI€ OCOOeCHHOCTH KJIMMaTH4eCKOl OGcTaHOBKH BpeMeHH (popM 
POBaHHA aJVJIOBMaJIbHbIX OTJOXKeCHHH B WONMHe p. Aunt. 
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Ilo IV HaMOHMeHHOH Teppace JaHHbIX Majo. Tem He MeHee, OfHOOOpasHBIit 
CYaHbIM COCTaB OTJIOXKeHHH Ha BCEM NPOTA2KeHHH JOJIMHI, BEPOATHO, MOXKHO 
cBASATb C MOCTYIMVJICHHEM B JOMMHY (IOBUOrIAWHaIbHbIX BOX B MepHoy tas- 
HMA JICHUKOB B ropax. JlecoryHapoBbii THN cnopoBO-MbWIbYeBOrO cHeKTpa JO 
feKOTOPOH CTeMeHH NOTBepxKaeT BbICKASaHHOe Mpelnonoxenue. 

@opmupoBaHve orsoxenni II] Haynolimennol Teppacet mponcxoxHo 
yCIOBHAX HavOOJIblero NoxoNofaHua. B paspesax STO Teppacbl pasBUTbl 
OU[HbI€ CHHTeHeTHYeCKHe JIeQAHbIe XKWIbI. Slecb HaliqeHa tbayHa BepXHelaweo- 
MTHYeCKOrO KOMIMIeKca, HO Ooulee ApeBHero OGHKa (MaMOHT paHHero Tuna, 
OYeHb KPyMHble CopMpr Equus caballus). B cocrape pactuTebHOcTH rocnos- 
CTBOBaJla THNMUHAA TYHApa. OTO pesKoe NOXUMOMAHHe OBO CBA3AHO, BePOATHO, 
C WIMPOKHM Pa3BHTHeM OJIeeHeHHA B TOPHbIX OOJaCTAX BO BTOPOH NOJIOBHHE 
cpeqHero mvelcTolena. 

O6pasoBanue ormoxeHul I] HaynoimeHHo Teppacbl MpOucXOAMIO B ycuo- 
WAX OONee Temoro KHMaTa. PacTuTebHOCTb STOFO BpeMeHH MpescTaBssAsa 
COOOH JIeCOTYHpy WIM peMKocTOHKue seca, YepesOBaBlUMecA C TPaBAHHCTHIMH 
ccoluWalluaMu. 

Bo spema (opMupoBaHHA OTNOxKeHHH | HaqnoimMeHHOH Teppacbr B UCcMeLO- 
aHHOM palOHe TOCMOACTBOBAIM CIVJIOWHbIe JIMCTBEHHHUHbIe JIeca C MpHMecbIo 
OcHbI H Oepesnr. [panna meca MpOMBHHyJlacb JlasieKO K ceBepy, KJHMaT Obi 
HauHTeJIbHO TellJiee coBpemeHHoro. I[lo-BuyquMomy, OOpa30BaHHve OTNOKeHUuH 
TOH Teppacbl MpoOucxXoZHO BO BPeMA NMOCeeHAKOBOTO KJIMMaTHYecKoroO 
biTuMyMa. HasMune KJIMMaTHYeCKOrO ONTHMyMa B MOcseeRHHKOBOe BpeMsI 
OfTBep*KaeTcA TakxKe JaHHbimMu A. I]. Bacpxoscxoro u M. WV. Hemumrazra. 

Bo Bpema (bOpMupoOBaHHA OTJIOMKeHHH NOWMbI KJIMMaT Obl OH3KHM K CO- 
BPeMeHHOMY. PacTHuTeJIbHOCTb TIpefcTaBJIaAsiIa CcOoOoH JecoTyHIpy COBpeMeH- 
oro TuHMa. 

ConocraBsieHve NOJY4eHHbIX JaHHbIX c MaTepHasamu A. II. BacbKoscKoro 
0 ucTOpHu pacTuTembHocTH Kpalinero CeBepo-Boctoka noKa3aJl0 3HaUHTeJIb- 
HbIe OTJIMYUA, KOTOPbIe OObACHAIOTCA GOOJIee CeBePHBIM TOJIOKeHHeEM HCCJe- 
opaHHoro paiioua. Ilo A. I]. Bacbkosckomy, B TeyeHHe BCerO YeTBeEPTHYHOTO 
MepHolla rocnoOAcTBOBa/l JIECHOH THI PaCTHTeJIbHOCTH, MeCHAJICH JIMMIb COCTaB 
ecooOpa3yiolluxX ApeBecHbIxX nopox. Mb npHuWin K BbIBOLY, YTO B UCcJeqO- 
aHHOM paliOHe, JiexKallleM B COBPeMeHHOH 30He TYHAPbsI, OCHOBHbIM THIIOM pac- 
THTCIbHOCTH B TeYeHHe USyYeHHOrO OTPe3Ka YeTBePTHYHOFO NepHoya Obi 
ecoTyHipospiii Tun. Jleca NOABMJIMCh JIMUIb B MepHod POpMupoBaHHA OTJO= 
iKeHu I HalnoiimMeHHO Teppacnl. 


TeonormueckHH MHCTHTYT Tocrynuso 
Axanemuu Hayk CCCP 15 X 1959 


IJMTHPOBAHHAS JIMTEPATYPA- 


1A. Tl. BaceKxosckn ii, B ku. JlequnKoBbiii mepuox ua Tepputopuu Esponelicxoit 
acta CCCP u CuOupu, 1959. * M. WH. Hefimraart, Uctopua mecos u naneoreorpapua 
CCP 3s rosomene, 1957. 
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Jloxaagmn Arkayemum nayrk CCCP | 
1960. Tom 130, N: 6 
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TEO/JIOTH 


C. A. KOBAJIEBCKHM 
FEOJIOFHUECKHE YEPTbI JIMHEAMEHTA 38-FO MEPHJHAHA 


B PAMOHE 4YEPHOFO MOPA | 


(ITpedcmasaeno axademuxom H. M. Cmpaxosoim 15 I 1959) 

B Jlouwuu AsoscKoro mops, u3faHHol B 1937 r., yKaspiBaetca B 30 KM 
ory or r. )KqaHopa (6. Mapuynoub) «moxqBoqHoOe MpenATcTBHe», ONacHoe 
miapanua cyop. Ha kapte Asosckoro mops Mopcxoro arsiaca, cocraBseé 
Holt B 1949 r., B TOM %e yuacTKe y3KOrO HM MeKOBOAHOrO TaraHporckoro 3au 
Ba, HO KHJIOMeTpOB Ha NATb IORKHEE «MOABOAHOO NpeNATCTBHA» MOKasaHa ¥ 
MeHHcTasd OaHKa Cc riyOMHOH BOLI Hay He10 B 1,8 mM. Hexoropoe pacxox enue 
OTMeTKe MeCTa PaCNOJIOXKeHUA B 3aHBe ONAaCHOH WA cyOB OaHKH oueBu’ 
o6yc0BeHO mpHpogxo Meu. Ha Aue AsopcKoro Mops, OCOOeHHO B palio 
Kepyenckoro u TaMaHcKOro MOwlyOCTpOBOB, MOcTaTOUHO MHOrO TaKHX MelJI¢ 
MCHAIOULUX CO BpeMeHeM CBOE MeCTONOJO*KeHHe UH BbICOTY Ha ypOBHeEM JF 
Bee OHH NpHHaiexaT K TaK Ha3bIBaeMbIM NOXBOAHbIM TpASeBbIM ByJIKaHa 
wIH comkaM. (Hexoropple ucculeqOBaTeM, B TOM YHCe H aBTOp, HMeHY! 
HX Tak2Ke BYJIKaHOWaMu, paccCMaTpuBad STH OOPasoBaHUA Kak (bopMy MOBep 
HOCTHOFO MIPpOABJICHHA MOJ3eMHBIX H3Bep%KeHHH.) Ha TeppuHTropuu ynoMaAHyTI 
MOJIYOCTPOBOB HaCUHMTHIBaeTCA MO UYeTbIPeX JeCATKOB Ha3CMHbIX IPA3EBE 
BYJIKAHOB. | 

B uwacrosilee BpeMa Bce 9TH KepyencKo-TaMaHckhe BYJIKaHbl, JIM COMK 
MpecTaBAOTCA CJIaOOaKTHBHbIMH, He CTOJIb BHYWIMTCIbHbIMM, Kak, Halip 
Mep, POJCTBeHHbIe HM OOpa3s0BaHHA B paloune IOxuoro [Ipukacnusa. Ona: 
elle B HeaBHeM FeOJIOrHYeCKOM MpOIWJIOM MHOrHe W3 HUX Obl BeCbMa 3Hau 
TeJIbHBIMH. HanpumMep, Ha KepuenckomM noulyocrpoBe H3BeCTHad CBOHMH CK 
TWICHHAMH OOpHBIX MHHepasios BywraHakcKaa conmouHad rpymma 3aHMMa 
OBaJIbHbIt YUacTOK, AOcTuratoulM 3—5 KMB nonepeyHuKe. Ouepeuple KpPYyMHI 
H3JIMAHHA OTeJIbHBIX TpHOHOB STOH Tpynnbl, PpacnOMO*KeHHbIX B pasHE 
MecTaX COMOYHOFO MOA, CMOCOOHEI 3aMeTHO MeHATb ero pembed. Takxe 4H } 
MOpCKOM {He MHOroriaBad CONO“Had Tpynna, MpHbalwexallad K eMHO! 
ouary, MOKeT 3HAYHTeJIbHO H3MCHATH KOHGUYpallMlo MeJIM HM ee OTHOCHTEIbHI 
riyOwHb! B pa3JIMYHbIX MyHKTaxX conoynoro nowa. MtTax, Bce ropopuT 3a 7 
uTO K tory or r. )KaHoBa B mpesentax 30—35 kM Ha JHe Taranporckoro 3anK 
pacnomoxeHa Oobilad NoOABOAHaA TrpsseBad comka, Ha KOTOPOM BpeMaA- 
BPeMeHH MPOHCXOAAT BbIOPOCb! rpA3e-KaMCHHBIX MaCC, MeHAIOULMX B pasHI 
MecTaX CONOYUHOH MeJIM TuTyOHHY BObI Hal Het. 

Ory conky — HavaJIbHbIt MyHKT Halllero paccMOTpeHHA cyllecTByloue 
3fecb pa3ioMa OOMbINOrO TeoNOrMyeckorO S3HaYeHUA, ABJIAIOULeTOca cTpy 
TYPHBIM JIA MaHHOTO pervoOHa HallpaBJIeHHeM, HMeHYeMbIM MHOIO JIMHeEaMe 
TOM, A HasbiBalo ByJKaHoHOM Borjanopnyua. 

K ceBepy OT Halllero ucxO2HOrO TyHKTa paccMaTpHBaeMBIii smHHeame 
BCKPbIBaeTCA Ha MapHYMOJIbCKOM yuacTKe nOoOepexkbA OOJbIIHM TeKTOH 
YeCKUM HapyUIeHHeM, H3BeCTHbIM NO, HasBaHHeM «30H! I lerpoBo-HyToBcKo 
passioma»>. PasJIoM STOT, HMeax HallpaBleHue OT BysKaHOua Borganopnya 
CCB-20°, npoxoguT Blomb pexu Kampmuyc  Jlasee ceuer co cMenleHueM BocTC 
Hy!O OKpauHy A3o0BcKOrO KpHcTamIMYeCKOrO MaccuBa. 

Tlourn Touno k rory, B75 KM oT ByKaHonJa Borganosuua, Jlouna yKa3piBa 
«Haneko OT Oepera MpoTuB cepeAMHBI BXOJa B SceHcKHli 3anuBy KpynHeiiM 
B A30BCKOM MOpe «omacHy!0» Juin CyB ABy xriaBylo GaHky, CJIOXKEHHYIO «TBE 
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(bIM NecuaHbIM rpyHToM». InyOuna Bosbl Hall ee MeHbUlel BepLIMHOH OTMe- 
yaeTcA B 5,0 M. Ha xapte Mopcxoro atuiaca 9Ta GaHKa ABsIAeTCA eMHCTBeH- 
HOM W3 BCeX CyllecTByloujM4xX B A30BCKOM MOpe H OTMe¥eHa Ha3BaHveMm )Keue- 
guHCKan. InyOuHa Hak ee MeHbUleli BepuimHoli moKa3aHa 5,8 M. OQta 
0aHka Tak2Ke HeCOMHEHHO OOyCJIOBIeHa HasIMUHeM NOBOLHOrTO rpsxA3eBoro 
ByIKaHa, N0-BHJMMOMY, OYeHb OOMbUWOFO NO MIOWAayH, HO peKO usBeprarollero. 
Ilockoupxy TP. A6nx ete B npomiiom cromeTHM yKasa Ha NOABseHHe rpsse- 
BbIX BYJIKAHOB MO JIMHHAM OOJIbINMX pa3JIOMOB HM MpHille K 3aKkJIIOUeHHIO 


IHbIM COMOUHY?10 Oanky PKe- 
les HHCKy10 UMe€HOBaTh 
IByIKaHOWOM AOuxa. ~ 

Jlambile Ha 10r, OTKJIO- 


S¢:boedanoeuva 


== — 6A buxa 


Houta A6uxa Ha 2—3° xk 
BOCTOKY, lIpOcslexxHBaeMoe 


M xeHpacuoea 2. Igv6ype 

HaMH HallpaBuieHve mpu- = Pe sister 
— Ha. < 

ofur uepes 130 kM kK = 8 aAndpyoosa=a-Noanvoood # — wa-BepnaBenozo , 
IKpylIHeHWieMy Ha ceBepo- = 8: Umepyosas a 


Jlunua wupommo 
Picpropoxy Ceaepoanam 
cépoc 


Y Bae aly 


BanawHOM mMOrpykeHHH 
Boubuioro KaBka3a Hasem- 
OMy rpxA38eBOMy BYJIKaHy 
TamMauckoro movlyocrposa, 
M3BECTHOMY TIO HMeHeM 
Iyro, a takxe THunasa 
wopa. BysikaHouy 9tTor, 
MOJHUMarlouluica Hal MecT- 
OcTbIO n0uTH Ha 100 M, 
B CBOUX rpHPoHax OOMIb- 
HO HcTOUaeT CepOBOMOPOR, YTO HM MOCJy2XUNIO CCHOBaHHEM JIA ero pycckoro 
jHasBaHua [Husa ropa. 

Euje Jlasibuie Ha OF B TOM Ke HalipaBJienun, vepe3 175 KM OT BYAKaHOHJa 
yrO, MbI BCTpewYaeM Ha MWJIOCKOM He BaHHbI UepHoro Mops Goubiuyio ropono- 
WoOuy1o Oanxy. Ha xapte Mopcxoro atviaca OHa oTMeyeHa ruryOuHOoH 1833 mM 
OT ypopHa mops. Pajom xe c Helo ryOuHa Ha noKasaHa 2170 mM. Takum o6pa- 
80M, 3eCb paBHHHHad MOBepXHOCTb MOPCKOrO Ha HapylilaeTcA MOKaJIbHbIM 
MOJHATHeEM KOHHMYeCKOH COpMb!, BOSAbIMaIOWMMCA Ha BbICOTy mouTH B 340 M. 
ConocraBlaa XapakTep nofBoyHoro pevbedba rayOoKoH uactH Uepxo- 
IMOpCKOH BaHHbI Cc MOpdomorMeH NMOBepXHOCTH OKpyXaloulHxX MOpe OO,IacTel, 
MBI HanOObWyIo aHasoruio HaOwoqaeM B cTpoeHHH ApMAHCKOH CTOJOBOH 
KeTpaHbl c ee KOHYCaMH BYJKaHOB, MOJHMMAIOILMXcA Hal OOWIMpPHOH TeppHTo- 
pueli BysKaHWYecKOrO NOKpoBa. Cpe NOcJeqHUX HeJb3H He OTMeTUTb [Ba 
Pia wenouekK, MAYULMX MapadiesbHO PpaCCMaTpHBaeMOMy HaMH JIMHeaMeHTYy. 
Wepsaa us HHX, HauMHadcb OT QubOpyca Ha Bonbutlom Kapkase, yxoqur na 


Tp ORE 
sey Aap dae 
Typa-Aema * 


Puce. |. JImHeament 38-ro Mepyyuana B paiione Uepnoro mops 


for uepes 3BeHba: Apcuau-Jlar — Caranapi-Har — Kecce-Jlar k moryyemy 
Bylkany osepa Ban Cunau-JJary. Bropaa, HayuHaacb or Kas6eka, ue 
Hepes 3BeHba: Anare3 —Boupwoi Apapat— Axspuu-JIar, Jiexatuli K BOCTOKy 
Or osepa Bau, u Jlasee, YYTb OTKIOHAACH Ha 3anay, — kK By Kany Typa-J>Kema. 
OuepnHO, UTO H BEICOKMH KOHYyC, NOHABUIMHCA us riyOuH UepHoro mops 
Ha IyTH HalllerO JIMHeaMeHTa, OTMeYeHHOrO pAJOM BYJKaHOHOB, NpHHajie- 
KUT Tak2Ke K OOpa30BaHUAM TOM 2e MpUposbi. OAHAaKO Ha 9TOT pas nepe HaMu 
MO BCeM IIpH3HaKaM y2Ke He BYJKaHOUA, a NOMMMHHbIM NMpOreHHbI BYJKaH. 
Takum 06pa30M, 4eM Jla/Ibile MpOMBHTaeMcA MbI Ha Or, TeM BCe OOVIbIeH MOLL- 
HOCTH JlOcTHTraeT MpOABeHHe BYJIKaHWYeCKOM CHJIbI: OT MVJIOCKHX COMOU- 
HELIX 6aHok A3o0BcKoro Mops, Yepes cTOMerpoBEI Oyrop THuvoli ropbt, K BbICOKO- 
Y NOJBOMHOMY KOHYCY MHPOMAaBOBOrO BYIKAaHa. OTOTKOHYC, MpeACTaB/IAIOWMMUCA, 
OJOGHO JBYM CJeAYIONLMM, OJHAM H3 MpOMexXyTOUHbIX SBeHbeB NOABOAHOU 
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el OMHOPORHbIX OOpasoBaHHi, HaMeualOWHX Halll JIMHeaMeHT H, HasbiBe 
BykaHoM KpacHopa 10 HMeHH OfHOTO U3 MOUX JeATeMbHEIX COTPYAHHKOB | 
paOoTe Haj, BOMpocoM O Tak HaspiBaemoi TlouTufe, NpHBesleH K yCTaHoBJeH! 
pacCMaTpHBaemoro JIMHeaMeHTa. 

Cnelys Jlaiee K tory Mbt Bcrpeyaem B 150 KM or ByIKaHa KpacnoBa moze 
HbIi CMY BbICOKHH MOABOLHEI KOHyC, OTMeYeHHBIH Ha Kapte MopcKoro artaa 
rayOuHOl Jo ero BepmuiHHE! B 1705 M. Bumxkaliuime or Hero r1yOuHbI MOpCKO 
ua K ceBepy HM IOry COOTBeTCTBeHHO nOKa3aHbl B 2169 u 2094 M. OueBu dE 
uTO H 9TOT KOHYC, MOAHMMAaIOUIMiicA Ha OKpy2KalolleH MOBepXHOCTbIO AHA 
BBICOTyY OKOO 400 M, TakxKe OTBeuaeT NOABOAHOMy MIMpOreHHOMy BYJIKaH 
Ero @ Ha3biBalo BysIKaHOM JleoH¥YeBOH, 10 HMeHH Apyroro HeH3MeHHOrO COTpy 
HuKa 0 JaHHOw paoore. | 

B 65 KM txkuHee BysiKaHa JleonyeBor co JHa UepHoro Mops NOAHMMaeT 
Tperuit Moo6HbIH xe KoHyc. Ha Kaptre Mopckoro arTsaca OH NOKa3aH BBICOTHt 
MeJIbIO C OTMeTKOH B 700 M oT noBepxXHOcTH Mops. BumxKaiilad OT 3TOH Me, 
K ceBepy H300aTa Ha KapTe oTBeuaeT 2000 M, nu k tory — 1000 m. Takum o6pasc 
nocieqHuH W3 TpeX MOMHHMaIOWlMXcA Ha NyTH JIMHeaMeHTa KOHYCOB NIpefcTé 
JIMeTCA, MO-BHLHMOMY, HaHOosee BbEICOoKMM, nNopsaqKa 700—800 m. Ero « Has 
palo 110 HMeHH TpeTbero yuacTHuKa 9TOM padoTl ByKaHOM L[repHosa. 

3a ByskaHoM LIrepHopa mpociexuBaeMoe HampaBJieHHe NOKHJaeT Bay, 
UepHoro mops uw nosHuMaeTca Ha AnaTovulickui Oeper Typiuu B cepedy 
OOJIbIUOFO JeBOFO MOA, MOKPbITOrO H3IMAHHAMH HeEOreHOBOrO HW YeTBePTH4HC 
BpeMeHu. HecoMHeHHO, Ha CTOJIb KpyNHOM BYJIKaHHYeCKOM TIOKpOBe JOJRK 
CYULeCTBOBaTb HeCKOJIbKO MOPOAMBUIHX eFO Ha3@MHbIX SPYNTHBHbIX WeHTpC 
Oynako aBTopy He yJlasocb HalirM B JOCTYMHOH emMy JIMTepaType KaKHX-JK 
KOHKpeTHBIX YKa3aHHH mo 3sTOMy Bompocy. B To xe BpeMA BeCbMa BepOsT 
uTO MOpcKkOH ByJIKaH IlITepHoBa, npoTuBomexaliMH cpeqHeH YacTH 9TC 
NOJIA Ha paccToAHuu Bcero 60 KM, Obl B CBOe BPeMA OJHHM M3 JCATEJIbHBIX € 
cTpouTewen. | 

Ha TypeukoH TeppuTopHu nouTH TouHO XK Jory B 150 KM oT mocueqHE 
NOMBOAHOrO BYJKaHa NOABAeTCA OOWbIUOM NaBOBbIi KOHYC HaSeMHOFO BYVIKa 
Kecce-J[ar, Bpicororo B 2801 M (nox TakuM xe Ha3BaHHeM CyLlecTByeT KpynH 
ByJIKaH HM BOCTOUHEE, 61H3 ropoda Kapa-Kusuca; ovepuaHO, HasBaHHeM Kecce-J] 
MecTHOe HaceJieHHe OOO3Ha¥aeT ropy c KpaTepom Uaitla-ropa). i 

Ee B 100 kM TounHo K tory oT SanagHoro Kecce-Jlara BHOBb NOXHHMael 
JaBOBbIM KOHYC ByJIKaHa Enujoxe-J/ar Bpicoror B 2693 M. | 

Hakonell, elije Masiee Ha Or OT 9TOFO BYJIKaHa BCKPbIBaeTCA 30Ha OOJIbIIC 
MepHAHOHAIbHOrO pa3IOMa, MPOXOMAero c BOCTOUHOM CTOPOHEI aZMHHUCTY, 
THBHOPO WeHTpa Busahera Mapai. B cpoelt cepepHol 4acTH 9Ta 30Ha, HeCKO) 
KO u3rMOascb, HallpaBuaeTcA B CTOPOHY ByKaHa Evsngoxe-Jlar, Ho npoc 
*KMBaeTCA JIMWIb JO 1OX%KHEIX CKIOHOB ApMsaucKoro BocrouHoro Tappa, , 
NOxofa AO BykaHa KuloMerpos Ha 150. B toxmkHoli Ke YacTH 30Ha YXOJUT B ij 
Rembt JIuBana, HaBcrpeyy cpeuHHOH BeTBH momocEt Adpukano-ApasBniicK 
pa3JIOMOB. | 

TakuM oO0pa30M, Mbt mpocmequM mHHeaMeHT 38-ro MepHfMaHa C ceBe} 
or [lerposo-l'nyrosckoii 30H! pasioMa, K lory — Jo pa3sioma y ropoza Mapaut 
Ha "poraxenun Oomee 1000 km. BoceMb kpynubIx TreosoruuecKux deHO! 
HOB — BYJIKaHOB VM BYJIKaHOMOB, OTMeYeHHbIe Ha 3TOM NPOTAXKeHHU, NPHH 
mexkaT K OOpa30BaHHAM, BOSHMKAaIOWIMM Ha JIMHMAX OOMbUMX Hu ray6oK 
Pa3IOMOB 3EMHOH KOpbl. OTO OOCTOATEbCTBO NOSBOAe€T HAM 3aKJIIOUNTD, * 
cpelMHHaat BeTBb BelHKoro AdpukaHo-ApaBulickoro pa310Ma, paHee Mj 
cexkeHHad Wo Mapaila, 3fecb elle He 3aTyXsa, HO Halla cBoe JambHein 
MpOWOKeHHe Ha CeBep B 30He Oombuoro TlerpoBo-I'HyToscKoro c6poca. 

TpeMa NOJBOAHEIMM BYJIKaHHYeCKMMM KOHYCaMM, NOXHABLIMMUCA BAC 
38-ro MepHyMaHa co AHa Uepnoro Mops, KOHe4HO, He Ucuepmb{BaloTCA BCe } 
Qobuble OOpa30BaHHa B ero BaHHe. Ha paBHHHHOM Jue Uepnoro mops, Kak 
Ha MOQOOHOt emy noBepxHoctH ApMsHcKOli cTromOBOM cTpaHbl, MoxeT OF 
yka3aHO HeMaJlO BYJIKaHOB, Jle?KallMX MW BHe U3BeCTHBIX HaM TlyOOKUX pas. 
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mop. B mpotecce nallieii padotst MbI OTMeTHIM elle JBa, T10-BH,HMOMY, Hal- 
6ouee KPYNHBbIX 3 IPHBOJMMBIX, ByJIKaHa, HaMe¥aIOUMeCA Ha WMpOTe ByJKaHa 
Jleou4eBOH, BYOb JMHUM «ceBepoaHaTONHcKOrO cOpocay, Kak ee IIpOBO- 
aut Dropou. 

Tleppnrit u3 HUX NOKasaH Ha Kapte CopetcKoro Ataaca Mupa usgzanns 1954 r. 
Kak OKPylvlad MeJib, HaxOfatlaica B 125 KM K BocTOKY OT BysKaHa Jleonue- 
goli. OHa OTMeveHa B npefenax us06aTEt 2000 m ray6uHoli B 1487 M, T. e. TOD- 
HHMaeTCA KOHYCOM Haj ypOBHeM MOpcKOro Ha He MeHee YeM Ha 500 M. B ua- 
mek paOote ona Nosyuna HasBaHve ByJIKaHa BepnaycKoro, jonycKaBuiero 
BYJIKaHOreHHOe NpOwcxoweHve cepoBogopoya UepHomopcKux rayoun. 

BropohH ByskKaH HaxOjluTcH JaleKo K 3analy oT ByakaHa Jleonuenoii, Ha 
MepHMaHe OcTpopa 3Mennoro, mourn y Boccopcxoro npomBa, HO Bce elle 
|B mpeemax u306aTE! 2000 m. Ha kpynuomacuita6HpIx Kaptrax Uepnoro mops 
| Ha HUM NOKa3aHa riyOuHa 1280 M, T. e. OH NOAHMMaeTCA Ha NOCKHM HOM 
;MOpx Coulee ¥em Ha 700 M. Ory KOHMUeCKYIO MeJIb, N10-BUMMOMY, CaMYIO BBI- 
coxy10 B UepHoM Mope, Mbl Ha3BaH ByIKaHOM An{pycona, NOCKOJIbKy OH TIpo- 
| BOM yepes Hee elle B 1918r. 3anaqHylo rpanuuy runoreTuyecko Tloutudni. 

(upornas MHA, coequHAOWad BysKaHb! An~pycosa, Jleonuenolt u Bep- 
HaJCKOTO, NpeAcTaBIAeTCA NapaJJeMbHOH «ceBepOaHaTOMHcKoMy cOpocy» Pr0- 
| pOHa, 4UTO HaBOAHT Ha MBICTh O BO3MOXKHOCTH CyUiecTBOBaHuA Ha He Uepuxo- 
TO MOpA TakxKe WH MOWLHOFO WIMpOTHOrO HapylleHus. 

Bce paccmorpeHubie ByJIkaHuyeckHe KoHych! UepHomopceKoro Ha HaM mped- 
CTaBJIAIOTCA PeIMKTaMH HaS8eMHbIX BYJIKAHOB, H€ MPOABJABLIMMH aKTHBHOCTH 
mocie norpyxkeuua TlonrHybt — apMeHOTHMHOM cCTOOBOH CTpaHbl, COeIMHAB- 
meu, KaK MbI JonycKaeM, B KpHoHorene Kppm c Manon Asuel. Ilorpy2xeHue 
3TO HaMH paCCMaTpMBaeTCA Kak H30CTaTHYeCcKOe ONYCcKaHHe, Mponciesuee B 
mocJieseqHHKOBOe BpeMaA B UepHomopckom yuacrKe Toxuiterrepopckoro «no- 
aca CpeHHHOFO pa3JIOMa 3eEMHOH KOPb! BCJIeEACTBHe OTTOKA B CeBePHOM HalipaB- 
J@HHH MOJBYXKHBIX MOAKOpoBHIX Macc. Ilostomy moy ocepmten rupt6on Iou- 
THbI, 10 HallleMy MHeHHIO, He OcTalOCcb Obiworo M3ObITKa NMOABYMKHOFO cy6- 
CTpaTa, MpOABABWero OypHYy!O BYyJIKaHMYeCKYIO AKTMBHOCTb B NepHof pas- 
BHTHA Ha ceBepe OvleeHeHHi KpMoHOrena (7). 

OjHako NOcTBYJIKaHvuecKad JeATeJIbHOCTb B CTOJIb HeJaBHO JIMLIeCHHbIX 
MOAKOpOBOrO MHTaHHA 3aTOHYBIUMX BYJIKaHHYeCKUX PeJIMKTaX HeCOMHEHHO 
OMKHA MPOHCXOJUTb, MOCKOJIbKY B HHX COXpaHAeTCA KaKOe-TO KOJIMYECTBO 
-MPOHMKIUMX B BepXHHe 30HbI KOPbI BbICOKOTeMMepaTypHbIX Macc. Ilosromy paz 
| DyMapOJIbHO-MO@eTTHBIX BbIJeJIeHHH, MOOOHBIX TeM, KOTOPbIe BbiJeAIOTCA 
B ByJiKaHOMfax Kepuencko-TamMaHckoro paHOHa, JOJIKeH CYIeECTBOBaTb HM Ha 
BYJIKaHHYeCKUX KOHYycax AHa Uepnoro mops. Boratpre Ooparamu OysiraHaKcKHe | 
Tpa3epble comku Kepueuckoro MovlyOcTpOBa yKa3bIBaloT Ha BO3MO2XKHOCTb 3HauH- 
| TeJIbHBIX BbIJeeHu Oopa U B yMapOwax 3aTOHYBILUX ByJKaHOB. JaHHbIe O CO- 
OTHOLWeHHU Oopa HW XMOPa B MOPCKOH BOJe Pas/IMUHbIX OacceHHOB, MPHBOMMBIe 
COBETCKHMH aBTOPaMH, YKa3bIBalOT Ha NMOBbIWIeHHOe COfepxaHue Oopa B BOsax 
Asoscxoro u Uepxoro Mopeli. Onu npMBOAAT cleAyrolulne 3HavYeHHA [IA OTHO- 
wena B**/C] - 1074: 1) Muposoli okean 2,43 (Bpyesuy); 2) Antrianruyecknit 
okeaH 2,55 (Paxecrpos); 3) A3oscKoe mope 2,55 — 2,74 (ImeOosuy u [oOp2Kax- 
exaa); 4) Uepnoe mope 2,40—2,94 (onn xe). OGuAbHBIH cepoBoxopok 
BymKaHougza Ulyro umm THunoh ropbl Takxe CBUJETEIbCTBYeCT O BOSMOXKHOCTH 
3HAUHTeIbHOFO BbieNeHuA 9TOFO rasa UM Ha BysJKaHax saToHyBwel Ilonruyp. 
B cBa3H C 9THUM, KaK HAM KaxXKeTCH, HeJIb3H OTPHUAaTb yUaCTHA BY JIKaHOreHHOrO 
| cepoposopola B cepoBosopoxHom 3apaxKkenuu riyOun UepHoro Mops. 


Tloctynus1o 
15 I 1959 


UMTMPOBAHHASA JIMTEPATYPA 


1C. A. Kopanesckuiht, Yu. 3an. Kusuenesck. roc. yHuB. (1957). 
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! 
TEOJIOTH, 


K. fT. KOPOJIEB u f. A. CMEJIAHCKAA 


HOBbIE JAHHbIE O ®OCSOPHTAX B OPLOBHKCKHX 
OTJIOMKEHWAX CEBEPHOFO KASAXCTAHA 


(I1pedcmaeneno akademuxom JI. B. Hanuekunom 16 IX 1959) ; 


B 1957 r. Opa onyOmukopana cratba B. I. Caryuosa (*), B KOTOPG 
KpaTKO OXapaKTepH30BaHO YeOslOrMyecKOe MOJIOXKeHHeE MeCTOPOXeHUH | 
pyonposaBuennii doctbopuToB, 3aJleraloluluX B OTJOKeHHAX OpfoBuka. Do 
(POPHTOBbIe Tesla paCCMaTPHBaIOTCA KaK THIMYHO OCaMOUHbIe MWiacTbl HW JIMH3E 

Aptopbl HacTosilel cTaTbH, 3aHMMaBLIIMecA B TOM ke palOue JleTaJIbHBI 
u3yYeHHeM YCOBHH OKanM3alnuH (ocopuToBoro OpyeHuA, POpMbI Hu CTpO} 
HHA PYMHBIX Te, MMHepasorMH ocopHToB UM OKOJIOpyAHbIX H3MeHeHHH BM! 
Maioulu4X MOpol, NOUN MaTepHaJbl, He COrlacyroulHeca C BbICKaSaHHbIM 
CaryHOBbIM I0JIOXKeHHAMH. 

Cam TepMuH «poctbopuT» aBTOPbI CUMTAIOT He XapaKTePH3YIOWIHM OMHCHIBAl 
Mble (poctopcoyepxKatitue NOpOMb. OTH Tak Ha3biBaeMble POCPOPUTH ABJIAIOTC 
MUKPOKPHCTaJJIMYeCKH-3EPHHCTHIMH = alaTHTOBbIMH MOpOaMH, CJIOX%KCHHBIM 
(propamaTHToM MH KapOoHaTaMH (KaJIbIUMT, JOJIOMHT, AHKePHT) Cc He3sHauHTed) 
HOH IIpHMecbiO HeKOTOPHIX JpyrwX MHHepasioB (albOUT, KBapll, XavWeOr 
XJIOPHTbI, IWHPKOH M ero pa3sHOBuAHOcTH u Ap.). Ilo TekcrypHo-reHeTuYecKH 
IIpH3HaKaM OHH OpasqeAlOTCA Ha MeTacOMaTHYecKHe H MHUKPOOpeKuHeBB: 
allaTHTOBbIe H MpOXHJIKOBbIe alaTHTCOJepxKallive MOpOl. 

Bce yka3aHHble THIMb! pasBUBalOTCA B OJlarONpHATHHIX CTPpyKTypax: BON 
TPelMHH H B 30HaX ApOOeHHA B CaMBIX pasHOOOpasHbIX MOpOax, Clararollly 
PyHOBMellatoljve TOM, —B H3BeCTHAKAX, apruiuTax, Tyddputax, Ty 
(bax, MecuaHuKaX, KOHIVIOMepaTaX, MHTPy3MBHbIX H appPy3HBHEIX Moposax.! 

Tesla allaTHTOBbIX HM alaTHTCOJepKallHX MOpok m0 XapakTepy B3aHMOOTHC 
WIeHHH UX C Py AOBMeLLaloljeh TOME MOXHO pas eIHTb Ha COPAacHble UH CeK YIM 
Coruacuble Tela NoO{pasqeAOTCA Ha MacTooOpasHble H JIMH3OBMAHbIe, CeK) 
Hwe — Ha cTOmO0OOpasHble, TpyGooOpasHbte H *wUIOOOpasHEe. HanOombuinit HE 
Tepec, KaK HanOoulee KPpyMHble, MpeAcTaBAOT MiacTooOpa3Hble H 2*KUMOOOpat 
Hbte Tela. | 

ITnacrooOpasupie Tea BbiepxXMBalOTCA MO MpOCTHpaHMIO Ha COTHM MeTpO 
M MMeIOT KOseOJIOWLy!OCH MON{HOCTh, Mocruraiouly!o wHOrya 15 mM. Xapaxrey 
HOH UX OCOOCHHOCTbIO ABJIAIOTCA MOUTH HeaJIbHO BbiepraHHple OOuMe Mpc 
crupaHua. B cBa3u C HeKOTOpOH rodpHpoBaHHOCTbIO MOpok pyOBMemsatouse 
TOJIH OKOO PYAOKOHTPOJMpYIOUlMX TEKTOHHYCCKHX IIBOB, MeCCTHbIC YrvIOBb 
HecoriacHA MOpO c pyAHbIMH TesaMu jlocTuratoT 15°. 

YBeHYeCHHA MOWLHOCTH (pa3fyBbI) aaTHTOBLIX Tel CBA3AHbI C BeTBeHHE 
OCHOBHOrO (OceBOro) Tea HM HaOsOMalOTCA B MecTaX IIPHWIeHeHHA K OCHOBHO 
PYHOKOHTPOJMpyiolleH TpellMHe Apyrux TpeulHH MH 30H TpelllMHOBaTOCTH, MO Kt 
TOPbIM PasBHBaJIMCb allaTHTOBble Tela, ABJIAIOUWMeCA KaK Obl anocbu3aMu OCHO! 
Horo (OceBoro) pyAHOrO Tesla, PasBHBWerocd BAONb TaBHOrO PpyAoKouTpt 
JIMpytoulerO TeEKTOHHYeCKOrO IBA. 

)Kusloo6pasupte cbocopuToBbe Tela HMeIOT TakiKe BbIJepKAaHHOe IMPOCcrTi 
paHve Mp OOUleM HecorsacHH c mMOposamu pyoBMeulatomel Tom. MectHb 
yrulopple Hecormacua Mocruraror 90°. B srux Tenax, Kak UB TlacTOOOp a3 Hb: 
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ppemensercs OCHOBHaaA (OceBas) YacTb Tela, XapakTepHsylolladca Bbiep2kaH- 
PHIM TIPOCTHPaHHeM, HM PAN OTBETBIeCHMH MHbIX HalipaBenuii, uHOrya noYTH 
ee HEX oceBoH uacTH. B MecTax mpu4ieHeHua Takux OTBeTBUIeHHII 
1 OceBOH 4acTH PyAHOrO Tela HaOMOMalOTCA BHAUHTeIbHBIe yBenMUeHHA 
} MOULHOCTH. Kuso06pa3Hble Tela, TaK %Ke Kak U mulacTooOpasHble, Ha BCeM 
Baal CONPOBOKAaloTcA PYAOKOHTPOJMPYIOULMMH TeKTOHHYeCKUMH 
WBaMH, WAYULMMH Blob HUX. TloqBwKKH NO riaBHbIM pyJOKONTpPOMMpyIOWLUM 
jwapyurenuam OObIMHO HMeIOT CIOXKHEI B3O6pOco- Mu cOpoco-cABHToBbili Xapak- 
jtep. AmiiuTya TOpv30HTaIbHOrO CMeleHHa HeBenuKa (BepoaTHO, He Gosee 
TepBbIX JCECHTKOB MeTPOB). 

| Takum o6pasom, corviacuble miacrooOpasnpie u HecormacHbie 2KH1000pa3 HbIe 
qpocopuToBple Te/la OY€Hb CXOHbI 10 MOpdouornu. 

| JInusopugqubie, crom6006pa3Hble HU TpyOooOpasHBIe anaTHTOBBIe Tela BCTpe- 
MeHbI B CJIOXKHOAMCJIONMPOBAHHIX TOMMMAX OpfoBuka. Takoro pola Teva, mo- 
i BUHMOMY, MOPMHPOBaIKCb B CTPYKTYPHbIX JIOByWIKAaX — B 3aMKOBbIX 4acTAX 
| MeEIKUX CKaOkK BOJIOUCHHA, COMPOBOARTaBLUNX KPYMNHbIe PasJIOMbl, BeEPOATHO, 
ABNABWHXCA PYNONOZBOAAWIMMM KaHaslaMu, HW B 30HaX ApoOseHHA Ha Mepece- 
"UeHHAX PaSHOOPHeHTHPOBAHHbIX HapyllleHuit. 

B crpoeHHH COriacHbIxX H CCKYUMX PyAHbIX Ted yUaCTBYIOT Kak CYL[eCTBeH- 
/HO allaTHTOBble NOPOLb, TaK WM MpOXMIKOBLIe alaTHTOBble py. Tlocmequne 
| PaSBUBalIOTCA B OOKOBLIX MOpOax, B MecTaX Pa3BeTBJIEHHA PyAHEIX Ten. Ana- 
THTOBbIe MPOXRKMIKU, KPOMe TOrO HaOsMOJaloTcA B OOKOBbIX NOpoOsax BOH3H UX 
KOHTaKTa C OCeBOM UacTbIO ~ocdopuToBoro Teva. 

| BejyuluM THNOM cyllecTBeHHO allaTHTOBbIX MOpO ABJIAIOTCA MeTacoMaTH- 
‘YecKHe alaTHTOBble NOpObl, Cilaratoulve Oovblly!o YacTb pyHbIX Te: B Hux 
OTYeETJIHBO BHHbI PeJIMKTOBbIeC CTPYKTYPb!l WIM OCTATKH 3aMeleHHbIX Mopod. 
} ITO TlaBHbIM OOpa30M PeJIMKTbI WH OCTATKH W3BeECTHAKOB, TaK KaK OMMHCpIBae- 
| Mble alaTHTOBble Tela PasBUBalOTCA MPeHMYLLeCTBeEHHO B M3BECTHAKOBDIX TOJI- 
‘max. Berpeyatorca Takxke peJIMKTbI Ty(OB, aprHJJIMTOB, MecdaHHKOB M KOHTJO- 
| MepaTon, sddy3HBHbIX HW JavKoByix mopox. Myorga HecKOJIbKO THNOB MeTaco- 
‘“MaTH¥eCKUX allaTHTOBbIX MOpO ylaeTca HaOvlOdaTb B Mpefesax OMHOrO pyd- 
“Horo Tesla — TaM, Tle OHO CeveT pa3JIM4UHbie THMbI MOpor. 

MeracomatTuyeckve alaTHTOBbIe MOpObl COCTOAT H3 KOpPOTKONpH3MaTH4eC- 
KUX 3epeH cbropanatuta Bemu4MHOK 0,02—0,2 MM, HOBOOOpasOBaHHbIX MHHepa- 
JOB (KaJIblluTa, aHKepvira, AOIOMUTa, MHOra XJOpuTa M abONTAa), PeHK- 
‘TOBIX MMHepasoB (KaJIbllMTa) WH MNPOAyYKTOB pa3pylWleHHA CHJIMKAaTOB (KaoO- 
JMHUTa, cepuuuTa). Onn mepexoqa”T B allaTuTv3HpoBaHHbIe UM JaJlee BO 
BMelllaiollve MOpOs, He cOfepxalyMe anaTutTa. Cojlepxkanue P,O; B Meta- 
“COMATHUCCKHX AallaTHTOBbIX NWOpoflaX TeCHeHIIHM OOpa30M CBxA3aHO C H3BeCT- 
-KOBHCTOCTbIO 3aMelalolluxca anaTuTom mopog. Ilo usBecrHakaM pa3BH- 
BalOTCH allaTHTOBble noposHt, Soratbie P,O; (40 35—37%), MO uSBeCTKOBH- 
CTbIM aprMimutam — Oomee Oefupe (P,0; no 20%). Ilo ussecrkosucrsim 
“tydbam, Typburam u KapOoHaTH3HpoBaHHbIM sppy3sveMHbIM H akKOBbIM NOpoyam 
oOpasyiorca GelHEIe anaTHTOBEIe moposL (PO; Menbute 15%). 

Bpekuvessie HM MuKpOOpeKUNeBbIe allaTHTOBEIe NOpPOAbl pasBMJINCb B Me- 
PpHOL cbopMupoBaHUA anaTHTOBBIX TeJ BAOJIb HapyWleHHH, 10 KOTOPbIM MpOuCxo- 
IMM TOJBWKKH, OHOBpeMeHHbIe C pyOoTMOxKeHHeM. OHM COcCTOAT 3 0O- 
JIOMKOB MeTaCOMaTHUeCKHX anlaTHTOBbIX MOpO WH eCAMHHUHDIX, Paz beMHeEHHbIX 
OOJIOMKOB BMellalOluHX MOpoO, CUeMeCHTHPOBaHHbIX arperaTOM 3epeH allaTHTa. 
Tlo, MuKpockonoM BHJHO MHOrOKpaTHOe ApoOseHHe paHee cPopMupoBas- 
iuxca OpeKuuli HW WeMeHTalWA UX HOBbIMM NOPIMsAMM TOHKOKPHCTaJIMYeCKOrO 
dropanaruta. 

Bpekuneppre HM MHKpOOpeKUHeBbIe allaTHTOBbIe MOPOAbI OObINHO cilaralor 
OceBbIe YaCTH PYAHbIX Te/l H WeHTPaJbHbIe YaCTH MX OOKOBBIX OTBETBJCHHH. 

Bmeujaioujve MOposbl Ha KOHTakTaxX C alaTHTOBbIMH Te/laMU MoABepralorca 
W3MeneHusM. WM3pecrHaKH HeCKOJIbKO OCBeTJIAIOTCA, ClerKa NepeKpHcTaJJIn- 
3OBBIBaIOTCA, OKBaPIeBbIBAaIOTCA HIM aJILOMTHSMpyIOTCA (mocsieqHee HaOJIt0- 
TaeTvcd B H3BCCTHAKAX, 3aPpASHEHHEIX aJloMOcHIMKaTaMH). Kpapl, B HAX pas3- 
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BUBaeTCA B BHJe BKJIOUCHHH MHKPOCKOMMYeCKUX Y]JIMHeEHHONPH3MaTHuecK 
KpuctaukoB. AbOuT Take OOpa3yeT BKJIOUCHHA MeJIKUX MpH3MaTHueck 
KPUCTaJJIMKOB. 

B aJoMOcHIMKaTHBIX mopowax OKOOpyAHbIe H3MeHeHHA Oovlee 3Ha¥ 
TeIbHbi. B HHX pa3JiaraloTCA CHJIMKaTHbIe MMHepaJibl, 3aMellaloulMeca BTOPk 
HbIMH KapOOHaTaMH, FuApocioLaMH M PIMHACTHIMM MMHepaiaMh, a TakxKe aJ 
6uTOM uM xopuToM. MurepecHbIM ABJAIOTCA B3AMMOOTHOLICHHA PYAHbIX Ted 
laiikaMH JMOPHTOBEIX MOp@upHTOB cTeMHAKCKOrO M MarMorpaHHuT-nop@upal 
6oryaHoBckKoro (?) HHTPy3HBHBIX KOMIWIeKCOB. JlaikOBble MOpOAb! Ha KOHTAKT 
C COrlaCHbIMH HM CeKYILHMM TeJlaMH NOLBepraloTcaA 3HauHTeJIbHbIM H3MeHeHHA 
Vi3MeHeHua nopod 3aksI0UaIOTCA B Ppa3JIOXKeHUH MEPBHUHIX CHJIMKATOB — MJ 
ruoka30B WM poropoi oOMaHKH. UacTb 3 STHX MMHepaOB HalleJo ¢ 
MelaeTCA KaJIbILHUTOM, aJIbOHTOM, a 03%Ke — allaTHTOM, pa3sBUBalOUlUMcA 
KabiutTy. [leppwunptii KBapll BbIHOCHTCA M Tak2Ke 3aMelllaeTCaA KaJIbIHTC 
a m03Hee — anaTHTOM MW pa3HOBHAHOCTAMH WMpKOHa. 30Ha anaTMTOBOrO Me; 
COMATO3a H€CKOJIbKO y2Ke 30HbI aJIbOMT-KaJIbIMTOBOrO HW HakJiaflbiBaeTcA Ha I 
cienuior. AnaTuToBpie Moposbl Ha KOHTakTe C alKaMu OcTalOTCA Oe3 H3Mel 
Hu. | 

B iesIOM allaTHTOBble Tela pa3BHBaIOTCA B CYUeCTBeHHO KapOOHaTHbIX 
JIOMKEHHAX OPAOBHKA, B KPblIbAX JIMHCHHO BbITAHYTHIX WH KYMOJIOBHAHDIX CKiJlé 
yaTHIX cTpykTyp. B HemocpecTBeHHOH Omu30cTH OT MecTOpoxyeHuii HaOu 
WaloTcd perHOHaJbHble Pa3JIOMbl, MapaJWIeJIbHbIe OCAM 93THX cKslaquat: 
crpyktyp. MoutHpe U MpoTsaxKeHHBIe alaTHTOBHIe Tesla MpHypOveHbl K CpaBE 
T@JIbHO KPYMHbIM HapyWIeHHAM, OPHeHTMPOBaHHbIM MapadviesIbHO WIM DD 
OCTPbIM YIJIOM K PefHOHAJIbHBIM pa3JIOMaM. 

Bospacr opyleHeHua, Cy MO B3aHMOOTHOMeHHIO ero c JalikaMu JMOpy’ 
BbIX MOPPHPATOB H MarMOrpanuT-NOp*UpoB, MO-BHAMMOMY, ABJAeTCA MO3JI 
NMaleosOHCKHM. Oro nosoxwKenue NOATBepxKMaeTca MH TeM, YTO B HenocpescTBE 
HOM OM30CTH OT allaTHTOBbIX MeCTOPOKeHHH, SasleralolluxX B TONMax Op 
BHKa, HMeCIOTCA MPOABJICHHA alaTHTOBOH MHHepasu3aluu B KpaCHOBeTax } 
BOHAa. 

BplllleH310x%KeHHOe MOSBOJIAeT CYHTATb allaTHTOByIO MMHepau3allulo, | 
pOATHee BCero, FHAPOTepMaJIbHOH UH Oe3sycJIOBHO — 3THreHeTH4eCKOH MO ¢ 
HOIWeHHIO K KapOOHaTHBIM TOJLaM OpsoBuka B CepepHom Ka3axcraHe. 


Bcecoro3HblH MHCTHTYT MHHEepaJbHOrO CbIPbA Tlocrynuao — 
12 1X 1959 


UMTHPOBAHHAA JIATEPATYPA 
1B. Tl. Caryuos, Mss. AH KasCCP, cep. reon., B. 4 (29), 96 (1957). 


1312 


Woxnayn Akanemun HaykK CCCP 
1960. Tom 130, N 6 


FEOJIOPH # 


MW. H. TAXBUHCKHK 


OTHOCHTEJIbBHO BO3MO)KHOCTH HAKOMJIEHHA 
CY JIB@ATHBIX OCANXKOB B MOHW)KEHHAX JOHHOrO 
PEJIBE®A STIMKOHTHHEHTAJIbHbIX MOPEM 


(ITpedcmaeneno axademuxom H. M. Cmpaxoeeim 22 X 1959) 


O6ulensBecTHO HaJIM4uMe Ha BocTOoKe Pycckok nuatdopMbl cakMapo-apTuH- 
CKOH JOJIOMUTOBO-cyJIbaTHOH TOJMH, MpOMCXo*KeHve KOTOPOM B NOJaBuIAIO- 
eM OOJbUIMHCTBe paOOT, OCCBElLaOMUX CTpaTHrpaduio, MTONOFMIO u dalluasb- 
HyiO XapaKTepHCTHKY HM%KHeNepMCKHX OOpasOBaHHH 9TOrO pervoHa, coBep- 
WeHHO NpaBMJIbHO CBASbIBaeTCA C YCTAHOBJICHHeM Ha yKa3aHHO TeppuTopuu 
BCKOpe locle Havasla MepMcKOrO MepHosa MaryHHoro pexuma ((*,*) uw Op.). 

Ojnako MOMBITKH YACHHTb KOHKpeTHY10 MameoreorpatbuyeckyloO OOcTaHOBKY 
HaKOMJIeHHA CyJbPaTHBIX OOpas0BaHHli Ha CTOb OOWIMPHbIX MpocTpaHcTBax 
MpeANpHHHMaIoTCcA pelKO. OTO Opiwio ceaHo, Hampumep, H. C. Unpunoii (*), 
| MpeANONOXKUBWeH BOSHAKHOBeHHe Ha STON TeppHTOPHH B WBarepHHOBOe Bpe- 
MA OCTPOBOB C MIpHypOYeHHBIMM K HHM JlaryHaMH HM O3epaMH, B KOTOPbIX Ila 
cybaTHad ceqHMeHTallua. 

Cxoguyto O6cTaHOBKy OOpa30BaHHA BbIepKaHHbIX JIMH3 CyJbbaTHbIX OcalI- 
KOB B IeHTPaJIbHbIX UaCTAX KAMCHHOYTOJIbHbIX MOpeH BOocTOKa Pycckoli muat- 
dopmpr pucyer H. M. Crpaxos (°). I. HW. Teogopopuy (’) Takxe cuntaet, 4710 
3OHbI MOBBbILIeHHOH COJIeHOCTH B WIBarepHHOBOM MoOpe TatTapuHu pacmoviara- 
JMCb B MpefesaX MOMHMMaIOWNHXCA yuacTKOB. 

JipyroH BO3MOx%KHOK OCHOBOH WIA YACHeHHA YCJIOBHH HakONJIeHHA 
MHTepeCyIOWNX Hac OOpa3s0BaHUult MOryT CAyXKUTb B3riAde! H.I1. Fepacumosa (*) 
uw II. VW. JiyHuua (°), cunraroujux, uTo OcaxkeHHe Ooulee WerKO pacTBOpHMBIX 
coleH B KaxKJIpii JaHHbI OTpe30K BpeMeHH JOJKHO HATH B JenpeCCHOHHBIX 
30Hax pesbecdba MopcKoro Ha, a Ooee TPyYAHO pacTBOPHMbIX — B Npejleax 
MeJIKOBOJHBIX IIPOCTpaHCcTB. 

Jina pelieHus paccMaTpHBaemMoro BOMpoca MHTepecHble MaHHble MOKHO: 
NOvepMHyTb W3 MaTepHaJiOB CTpyKTypHOrO OypeHHxA, MpoBeseHHOrO Ha BO- 
croKe H tore TaTapuu u B OpHeraiwmux palonax. Ora TeppHTOpHA Obiia pas- 
OypeHa MO AOBOMbHO TycTOH HM paBHOMepHOM CeTKe, MpwueM MepMcKHe, H OCO- 
OeCHHO HMKHEeMepMcKHe, OTJIOKeCHHA NPOXOAWNCbh, Kak MpaBHJIO, C NOMHbIM 
OTOOpOM KepHa. 

Jlanubie OypeHuA MO3BOJIMJIM YCTAHOBUTb, ITO AO Havasla apTHHCKOTO BeKa 
3ylecb CYLeCTBOBAa eAMHbI MeJIKOBOJHBIM SMMKOHTHHEHTAaJbHbIH OaccelH (2. 
Hukakux Mpv3HaKOB MHOFOKpaTHOrO NOABJCHHA HM HCYe3HOBCHHA B HEM MHOTO- 
YMCJICHHBIX OCTPOBOB He OOHapy2KeHO. Hamporus, cilelyeT mofuepKHYyTb 60u1b- 
IyIO MOWMaLHy!O BbIepKaHHOCTh OTAEMbHbIX CMOCB HHAKHENePMCKOH AOJIOMH- 
TOBO-cybPaTHOM TOM — Kak JOJIOMHTOBLIX, Tak MU cysbipaTHbIx. HanGowee 
MOILHbIe H3 HUX MpocdexKUBalOTCA Ha COTHH KHJIOMETPOB. 

Bmecte c TeM pa (bakTOB MpOTHBOPeYHT HM B3rAaM O TOM, UTO B MIpeye- 
Wax MOHUMAIOULAXCA, Ooee MeJIKOBOJHEIX, YUaCTKOB COJICHOCTb HMXKHEIIepM- 
Ckoro MOpA Obisla Comee BHICOKON, Hee B Npesewax COCeMHUX, OTHOCHTEJIb- 
HO Oosee riyOoKOBOAHEIX. OCHOBHbIe W3 9THX PaKTOB NPHBOAATCA HWXKe. 

B pa3pesax acceibekoro sapyca (°) u3y4eHHOH TeppHTOpHu Ha PasHbIx 
cTpaTurpaduyeckux ypOBHAX OTMeYaIOTCA BbIJep2KaHHble B MpOCTPaHcTBe Mpo- 
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cJIOM THMCOB HM aHrupuToB, 3aMellaloluiveca MO MpOCTHpaHHiO Ha JOJIOMHTHI - 
jm60 HeMbIe, HOO C OCTaTKaMH YyrHeTeHHO MOJIJOCKOBO- Map aluTadpe 
nopoit bayHnr ((°), puc. 1) XapakTepHO, uTO Ha 3alajle STOM TeppHTOPHM yKasa 
HbIe MpOCON BNepBbIe NOABAIOTCA B MIpefeax HaKOowee yrulyOJIeHHbIX B COBP 
mMeHHocTH uacreli Menexecckoli BnaquHupt. IIpocnou cybaTHbIxX MOpO, 3adt 
raloule Bille mo paspesy spyca M MpociJexuBaemple Ha Oouee OOWMPHE 
1IpOCTPaHCTBaX, HaOsIOMalOTCA ONATh-TaKM B NOFPy2KeHHbIX 30HAX, OTCYTCTB) 
no mepucbepun Mesexecckoli BraQMHbl, OCOOeHHO B paHOHAX NOJOAUTCbHE 
CTPYKTYPHEIX (POpM TpeTbero MopsAAKa. 


2 


Puc. 1. JIluronoruueckaa kapta 
BepXH€H MOJOBMHbI acCebCKOrO 
spyca BocToka Tatapuu. J — Jo- 
JIOMHTEI C MpOCOAMH M3BeCTHA- 
KOB, 2— JONOMUTHI, 3 — JoONO- 
MHTEI C IIPOCJIOAMM THMCOB HW aH- 
fupuTos, 4— TeppuTopua, B 


Puc. 2. JIuronoruueckad Kapta 
TacTyOcKoro MObApyca BocTOKa 
Tatapuu. J — JOMOMUTEI Cc Mpo- 
CJIOAMH MSBECTHAKOB, 2— jON0- 
MUTbI C MpOCOAMM M3BECTHAKOB, 
THNCOB HM aHTHApuToB, 3& —oN0- 
MUTbI C IpOCIOAMH THMCOB MW aH- 


mpemeaxX KOTOPOH BepXHHe cCJIOH 
apyca 3aKapcToBaHbl, 5 — rpaHu- 
Ila H3y4eHHOH TeppuTopHH 


rugpHtTos, 4— axrHypuTbl u run- 
Cbl C MpoOciosAMH JOOMUTOB, 5 — 
TeppuTOpuA, B Mpesetax KOTOpoH 


OTJOKEHHA MOLbAPyca uacTHIHO 

WH MOJIHOCTbIO 3aKapCTOBaHBl, 

6 — rpaHulla H3y4YeHHOH TeppHTo- 
puu 


AnaJiOruuvad 3aKOHOMepHOCTb mmpucyula Mu BOcTOKy Tatapuu (puc. 
‘CpaBHeHve JIMTONOrMueCKOH KapTbl BepXHeH MOJIOBHHBI accesIbcKOH TOVJIL 
(OT NOJOWBE! BepXHelH NaukH CpeHeaccebCKOrO TOpH3OHTa JO KPOBIH Ap 
ca) CO CTPyKTYPHOH KapTOl KpOBJIM accesIbcKOFO Apyca MOKa3pIBaeT, YTO Cys 
(PaTHbie MpOcJOH NpMypoOveHb! K palOHaM COBPeMeHHBIX TEKTOHHYeCKHX MOrp 
*KeHHH; K paHOHaM Ke NOLHATHH OHH, KaK NpaBHJIO, 3aMelljaloTcA Ha JOJOMUT 
Ha KpaiiHeM ceBepo-BOcTOKe STON TeppHTOPHH B BepXHeH YacTH Apyca KOe-F 
NOABJIAIOTCA MpOcsOM HsBecTHAKOB. IIpucyTcTBHe HX CBA3AaHO C paccOJOHA 
I{MM BJIMAHHeEM KOMIMCHCHPYIOWMX HcnapeHwe TeveHHi, WelwIMxX 3 mpe 
ypaJIbcKOl HOPMaJIbHO-cOJIeHOM YacTH MOpsA. OHakO XapakTepHO, 4TO I 
BeCTHAKH IIPHypOueHbI 3fecb K PpaHOHAaM JIOKaJIbHbIX NOJHATHH. 

JIekyroulee, Ha YTO HYKHO OOpaTHTb BHAMaHHe — 3aKOHOMepHOCTH Mf 
CTPaHCTBEHHbIX JIMTOJOPMYeCKHX H3MeHeEHHH TacTyOcKOHW Tom BocTOKa Ta’ 
puu: Ha 3amaye M3yueHHOH TeppuTOpHH TacTyOcKHe OTJIOXKeHUA HepaBi 
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€pHO, a M€CTAMH MOJHOCTbIO pa3MBITHI, UTO HCKIOUaeT BO3MOXKHOCTh UX UC- 
ONb30BaAHHA JIA PaspelleHHA MOCTaBJIeHHOM 3alauu. 
IIpu cpaBHenun smuTonoruyueckoli KapTbI TacTyOckoro moybapyca (puc. 2) 


0 CTYKTYPHOM KapTOH KpOBJIM acceIbCKOrO Apyca BbIABACTCA, UTOB npeqeax 
OBPeMeHHbIX MOP 


peoO1a ator. 


Puc. 3. Kapta pacmpoctpanenua cysbpat- Puc. 4. Kapta pacmpoctpaneuua cyJb- 
HBIX TOPO B OTJIOXKeHHAX BepXHeli NauKu @aTHBIX MOpOk B OTMOKeHHAX TauKH 
BepXHero FOpH3OHTa HH2KHEKA3aHCKOLO MOb- «CNOHCTHIH KaMeHb». [—ONOMUTEI C Mpo- 
}sipyCa H MauKH «AMpeHbI KaMCHb» BepXHe- CNOAMM THMCOB M aHTMypHToB, 2— run- 
Kasanckoro nogbapyca. /— TeppuTopus Cbl H aHIMAPHTbi C MpocmoAmMH osOMu- 
PACNPOCTpaHeHHA MpocsoeB H BKJIOUeCHMH TOB, d— rpaHHlla H3y4eHHOH TeppuTOpHu 


THNCa CpelH MONOMHTOB BepXHEH mauKH 
BePXHEFO FOPH3OHTa HUAKHEKASAHCKOLO MONb- 
apyca, 2— TeppuTopua pacnpocTpanenua 
TpocnoeB cybPaTHEIX MOpol cpequ OTMOAKe- 
HUM Nauk «ApeHbIit KaMeHb), 3 — TpaHula 
H3y4eHHOH TeppuTOopHH 


Oo0JIbilleH ee YaCTH COM JONOMUTA C MOJJIIOCKOBO-lapalitapeJJIOBbIM KOMMJIeK- 
COM OKaMeHesIOcTeH, 3auleraloulHi OObfuHO Ha 18—22 M Bpillle MOOWBEI NOb- 
apyca) 3aMelllaeTcA H3BeECTHAKaMH C OCTAaTKaMM CHpHHronop, Opaxvonog, Kpu- 
‘Houjieli u Ap. Onusofqwueckoe HakOMJIeHHe 3JeCb MSBECTKOBHIX OCANKOB, Kak 
UB MOCMeAHIOIO TPeTb aCCeJIbCKOFO BeKa, OblJIO OGYCJIOBJIEHO YBeJIMUeHHeM BJIH- 
AHHA TeYeHHH U3 ONu3IexKallleH UpelypadbcKOH HOPMaJIbHO CO/IeHOH uacTH 
‘Mops, HO XapakTepHo, 4uTO HaHOoOIee JaleKO K 3arlaqy mpocjoH M3BecTHA- 
KOB IPOTArMBalOTCA, KaK MH B BepXHel YaCTH aCCeJIbCKOFO Apyca, B paviouax, 
HbIHe TEKTOHHYeECKH NPHMNOLHATHIX. 

CrepsIMTaMaKcKHe OTJI0O%KeHHA BOcTOKa TatTapHu mpescraBuleHbl OObf4HO 
W3BECTHAKAMH C MpOCcIOAMH JOOMHTa. OHAaKO B WIMpOKOH MomOce, TAHYIlelica 
or ByrysbMpl K paliony, Haxoatemyca cepepo-sanaynee Asnakaeso, HM OTCIO- 
4a K paliony cesepHee AjbMeTbeBcKa M 3aTeM K CapMaHaM, a MecTaMH BOCTOU- 
Hee ee B KapOOHaTHOM TOJIe NOABMAIOTCA MOMLHbIe MpOcJOM PHNCOB M aHrMypH- 
Tos. Kak WM B IpMBeJeHHbIX BbIlle CyYaAX, BbINCHAeTCA, YTO PaHOHbI PasBUTHA 
YKa3aHHbIxX CYyJIbaTHbIX OOpas0BaHHli Ha CTPYKTYPHOM KapTe KPOBJIM acceJIb- 
CKOrO Apyca BbIPHCOBbIBaIOTCA B Bue MOPpyKeHHbIX 30H. ‘ 

B koHlle cakMapcKoro Beka TeppHTopHa Tarapuu um mpHuieratoulux palio- 
HOB ocyuiMsacb. EcrecrBeHHO, UTO BOSHMKINMM MaTepHK yHaCJleloBal pembed 
Ha cakMapckKoro Mops. BnocaescTBHM, B TeYeHHe MIMTebHOrO KOHTHHEHTAVIb- 
HOrO repeppiBa, MpOMOMKaBlueroca Ha KpaliHem sanawe Tarapuu Mo cepequHEt 
Ka3aHCKOrO BeKa, 9K3OFeHHbIC MPOLeCChI HECKOJIbKO BUAOUSMeHHIM pedbed) Ma- 
vepuka. Ho Tem He MeHee, CTpyKTypHble (POpMbI KaK MepBoro, Tak H Oowee MeuI- 
KUX NOPALKOB MpoOsowKaM BbIeATbCA B pesbecpe CyiIM, MpMMepHO B Co- 
BPCMeHHBIX HX OUePTaHHAX, BIWIOTh MO NepeKpbirHA ee HOBbIM OCAaOUHbIM 
4ex1om (8). 
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Hakonienue rHncOB UM aHrHpHTOB NpOMCXOAWO MU B Ka3aHCKOM Oaccelit 
oco6eHHO B BepXHeKa3aHcKoe BpeMa, KOra Ha loro-sanafe TaTapuu HM 
fpuJieraroluuX palioHax NepHOMuuecKH (BO BpeMA HaKOMeHHA NayeK «IC 
6oli>, «WIMXaHb HM «ONOKM») HaGJOfaOCb FOCHOACTBO cysbbaTHOH CeAHME 
rau. Tlocnequaa B YabaHoBcKoM IlopouwKbe MMesIa MecTO HW B MpeAbiyul 
OTpe3KH Ka3aHCKOrO BeKa, OHaKO Illa JIMUIb SNM30qMNeCKH HM Ha 3Hat 
TeJIbHO MeHbIUHX MIOWalAx. 

Tak, BepXHAA Mauka BepXHeroO TOPH3OHTa HMMKHeKa3aHCKOrO NOAbApyca 
YuapanoscKkoM JlopomKbe claraeTca OypOBaTO-TeMHOCepbIMH HM TeMHO-Cepbil 
JOOMHTaMH, B OTJeIbHBIX MpocmoAX Cc KpaHHe CKYyJ[HbIMM OCTaTKaMH MeJIK 
mouuiocKoB. B psajle palioHoB, B OCHOBHOM B lipeflesax HanOosee ryOOKO I 
rpy2KeHHbIX yuacTKoB MejexKecckoH BnaMHb!, cpeqM JOJOMATOB NOABJAIOT 
MHOPOUNCJICHHbIC€ BKJIIOUCHUA HM TOHKMe Mpocson runcos (puc. 3). 

VutepecHo, 4TO MpOcOH THMCOB, MOIHOCTbIO JO HeCKOJIbKUX MeTPC 
BCTpeveHb! HM Cpe OTO*KeHHH paccMaTpHBaeMOH MauKH Ha KpalHeM 101 
Boctoke Tatapuu (CyaHuckaa muotllayb), TaroTeioulem K ByrypycsaHck 
Bayne. ' 

Ha 6Oonee 3HauHTeJIbHbIX IPOCTpaHCTBax, MpH4YeM ONATb-TaKH B TeEKTOF 
YeCKM MOPpy2KeHHbIX 30HAX, MPOCJeKMBAlOTCA MOMIHbIC COM THICOB B OTJIO 
HMAX MauKM «AJPeHbId KaMeHb» (puc. 3). 

Emme O6JbulyIO pOJlb cyjib(aTHaAd CeMMMeHTallHA urpaJia BO BpeMA HaKC 
JI@HHA OCaAKOB MadKM «CJIONCTHIM KaMeHb». COM PHNCOB HW aHPHAPHTOB B pé 
pe3ax ee HaGslofaioTcd Ha 3HauuTeMbHOH uacrH YuabaHoBcKoro [IOBOKE 
Ho xapakrepHo, uTo ecu B HaNOOnee Harpy2KeHHEIX yuacTKax MeseKeccK 
BnawuHbt HW YsIbaAHOBcKO-Cypckoro mporu6a cysbiaTHble NOpOsbI B paspes 
maukH OOBMHO mpeobmadaioT, TO NO HanpaBseHHIO K Oosee NPHNOLHATI 
paloHaM THNCbI HM aHrHuApHTb! MOcTeMeHHO 3aMelilaloTCA WOJOMMTaMH (pH. 4 

Bppofp. 1. CoppemMenHad Hu xKHeMepMcKad crpykTypa TaTapuu uv Op: 
JierarouluX paHOHOB Havalla 3aKJlabIBaTbCA Ke B CepeMHHe, a OUeHb BC 
MOXKHO HW B Havasie aCCeJIbCKOTO BeKa, OOYCJIOBHB BOSHAKHOBeHHe MeJIKOBC 
Hb{X YYaCTKOB H OTHOCHTEJIbHO HerIyOOKHX 3analWH B pesibedbe MOpcKOrO JH 

2. Hauimune HepoBHocTeH B pesbetbe DHA ABHJIOCb OJHHM U3 cyllecTBe 
HeHWHX (aKTOPOB MpocTpaHCTBeHHOH XuMuYeCKOH Tuddepenlualuu OcaKOB. 
aCCeJIbCKO-CaKMapCKOM H Ka3aHCKOM OacceHHax H3y4eHHOM TeppuTopun. OF 
HEPOBHOCTH KOHTPOJIMpOBaIH MUrpallHio pacTBOPOB, MpH4ueM 3ayrsyOeHHi 
yuacTkH, Kak HeOOJIbUIMe NO MIOWaqu, TaK H 3aHMMaIOUlMe BeCbMa OOUIMPHI 
MIpOCTpaHCTBa, CJIYKWIM pesepByapaMU, B KOTOPBIX CKaNJIMBaIHCb pacTBOp: 
HaCbillleHHble Oolee JIerKO pacTBOPpHMbIMH couaMH. Ilostomy cyvbbaTHi 
CeqMMeHTalHaA Ulla MpeANOuTHTeIbHO B PatiOHaxX MOHMKeHHH pewbeda Ti 
STMKOHTHHEHTAJIBHBIX Te€PMCKHX MOpeH BOcTOKa Pycckoh mumaTdopMpl. | 


| 
Teonoro-m0vcKoBaax KOHTOpa Iloctynuao 


Tpecta «TaTuedreraspa3penka» 21 X 1959 


UHMTHPOBAHHAS: JIATEPATYPA 


1H. MW. Tepacumos, Yu. 3an.  Momoroscx. roc. yuHus., 7, B. 1 (195: 
* H.C. Habu na, Tp. Mock. dur. BHHIPH, s. 2 (1951). 80. We. yuun, K BOIpC 
O HallpaBe€HHH pa3BHTHA yYeHHAH O MOpcKHX ocagKax, M37. AH CCCP, M., 195 
‘Jl. M. MuponoabcKkuili, Tomoreoxumuyeckoe nccneqopanne TIEPMCKHX OTMOKEeH 
B Tatapuu, M3y. AH CCCP, M., 1956. 5B. E. Pyxeumes, JAH, 99, 6 (195 
*H. M. Ctpaxos, Tp. HTH, reon. cep., B. 124, No 45, 295 (1951). 77. HW. Te 
Aoposu4, KapOonatnse dayun HuxKHel mepma — Bepxuero Kap6ona Ypaso-Bomxcr 
o6nactu,. M.,1949, cp. 205. §U.. H. Tuxeunenum JIA 198 4 (195 
*VW. H. Tuxspunckud, JAH, 126, 5 (1959). 
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TPEOJOVHA 


“Uunen-koppecnonyent AH CCCP K. P. UEMMKOB wu A. M. MEJBEJIEBA 


CHOPbi HW MbIWIbWA W3 HE®TEM BOJITO-YPAJIbCKOM OBJIACTH 
W UX 3SHAYEHHE JIS PEWIEHUS BOMPOCA O MHIFPAILMH HE®TH 


Tlanunonorua Bce GOoviee WIHpOKO 3aBOeBbIBaeT CBOe MeCTO B FeOJOrHH. 
Celivac u3y¥eHHe CNOp HM MbiWIblbt Lia Wenel crpatrurpaduu ctaio yxe obule- 
NpWHATEIM. OHakO CHOpbl HM MbWiblla MPHCyTCTBYIOT He TOJbKO B MOposax, 
HO MU B He*rax, OMTYMaX HM MWviacTOBbIX BOJax. Byyan KyTHHM3MpOBaHBI, CIOpEl 
W MbiWvIbila IpeBHUX pacTeHHH OONaaloT 3HauMTeIbHOH ycrolunBocrbio. MmMea 
%Ke MaJible Pa3MepbI H HEOOMbIOH YeJIbHbIM Bec, OHH JIerKO MOryT MepeHOCHTbCesA 
He@Tbio. OTO OOCTOATEJIbCTBO NO3BOIAeT CTABHTb BOMpoc 06 UCcnOb3OBaHHU 
| MaJIMHOJIOrHYecKOrO MeTOJa JIA BbIACHCHHA HeKOTOPbIX BOMpocoB HepraHon 
reOJOrHH, HB YaCTHOCTH MIPHMeHATb 9TOT MeTO pM pellieHuM TPyAHOFO BO- 
mpoca O MHrpaluH Hern. 

Tleppad mombirka BbI,eIMTb CHOpbl H MbiWIbly us Hera mpHHaqiexuT 
Canjepcy (*). B Hale crpaHe BnepBble CNOPHI M MbWIbIy u3 Hedbreli BbiqemM 
| 5. B. Tumodees (°). 

B Vucrutyte reouoruu u pa3padorKH roprounx ucKkomaemprx AH CCCP 6nr- 
Jia MpeinpHuaATa MOMbITKa V3YYCHHA CMOPOBO-MbWIbIeBbIX KOMIMI€KCOB 43 
HedteH Bomnro-YpaibcKow oOsacTu. Bcero Op1io mpoaHamusupoBaHo 160 npod 
Hedbteli, B3ATHIX M3 Pa3JIHUHbIX MwIaCTOB OCHOBHBIX MecTopoxyeHHH Tatapun, 
Bawkupuu, Kyi6ptmesnckou u OpexOyprckoH oO. Cnoposo-mpiibleBbie KOM- 
TWI€KChI, BbIJeJIeHHbIe U3 He*Teli, 10 CbaBHeHHIO C KOMIVJI€KCaMH, BbIe/ICHHbIMH H3 
Topo, HecKobKO OOefHeHHI. KosuuecrBo (opM TeX WIM HHbIX Tpyll B Hed- 
TAX OKA3bIBae€TCA MEHbILIMM, ¥eM B NOpore. Muorya B CNOPOBOTIBIIbIeBLIX KOMIJI€K- 
aX, BbIeICHHbIX M3 HedrTeli, MOUTH HeT (OPM, ABJAIONIMXCA PYKOBOLALLMMU 
AA nopod, BMellaroujux Herb. Tak, HalpuMep, B CMOpOBBIX KOMIMIeKcaX H3 
TeBpouckux Hecbre mourH OTCyTCTBYIOT (POpPMbI (HIM COXpaHAIOTCA TOJIbKO OT- 
TebHbIe MpelcraBuTesM) u3 Takux rpynn, Kak Archaeozonotriletes, Hyme- 
nozonotriletes u Lophozonotriletes, Koroppim B nmoposax JeBOHCKOrO BOspa- 
€Ta NIPpHHavlexkKUT OCHOBHOe MeCTO. OTO MpOMCXOAUT NOTOMy, 4TO He Bce rpynmpi 
CNOp H MbiWbUbI ONMHAKOBO YCTOHUMBHI NO OTHOLIeHHIO K pacTBOpsAloulemy Deli- 
cTBHIO Here. B uacrHocTH, N0-BHAMMOMY, MaJIO yCTOHUMBbI POpMbI, UMeroLHe 
IleHuaTy!0 OTOPOUKy MH HeKOTOpLIe POpMb! C TOHKOM SkK3HHOH. Bo BcakoM culy- 
Yae, B CIOPOBO-IbIJIbIeBLIX KOMMJIeKCaX, BbIJ[eJIeHHBIX 3 HepTH, Takue POpMbI 
OOLINHO OTCYTCTBYIOT WIM MpeAcTaBJeHb! CAMHMUHIMH SK3eMIIApaMH MIOXOK 
coxpaHHocru. Uactb @opM, BO3MOXHO, He M3BJeKaeTCA H3 HePTH WIM yTpa- 
UMBaeTCA IPH (PUJIbTPOBaHHH B CBASH C HECOBEPUICHCTBOM MeTOJHKN BBIJeeHHA. 
Bce 2xe mpoBefleHHOe HCcueMoBaHHe aJIO BeCbMa HMHTepeCHbIe Pe3yJIbTAaTb! B 
YaCTH BO3PaCTHOFO COMOCTABJICHHA CMOPOBO-NbWIbUeBbIX KOMIJI€KCOB 3 He) 
Teli H BMelalollux NOpox, Tak, OKasasl0cb, UTO B He*rax, OTOOpaHHBIX us Mep- 
MCKUX OTIOKeHHi, Hapsyty c NepMckumu dopmamu Acanthotriletes selaginel- 
liformis Samoil., A. mediaspinosus (Andr.) Naum., A. rectispinus (Lub.) 
Naum., Cordaitina convallata (Lub.). Samoil., Florinites Luberae Samoil. 
HM Mp. mpucyTcrBylor (OpMbI KaMeHHOYPONbHOrO, AeBOHCKOTO, a MHOra u 
naneosolickoro o6uka: Lophotriletes cireumactus Itsch., Acanthotriletes 
macrurus Lub., Stenozonotriletes pumilus (Waltz) Naum., Lophotriletes 
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perpusillus Naum., Trilobozonotriletes trivalvis (Waltz) Itsch., Trachytrilet 
incrassatus Naum., Stenozonotriletes hinaensis (Tim) Naum. u Jp. 

B cnoposom kKommsleKce 3 HedbTH, 3aleralolleH B NOposaxX KaMeHHOYyrow 
HOrO BO3pacTa, Hapsyy C KaMeHHOYFOJIbHBIMA (opMaMu Euryzonotrilete 
crassipterus (Waltz) Naum., E. grosselimbatus (Waltz) Naum., E. scotil 
Tsch., Hymenozonotriletes pusillus (Ibr.) Naum. 4 ap., mpucyrcrByloT dopM 
JlCBOHCKOPO MH HWKHEMaseo30lcKoro o61HKa: Stenozonotriletes definitus Naum 
Protoleiosphaeridium sorediforme Tim., P. conglutinatum Tim. 

Vintepecuoli ocoOeHHOCTbIO CNOpoBOrO KOMIIeKCa JEBOHCKOM He*TH ABJISEe: 
CA IpHcyTcTBHe B HeM HeOOMbUIOTO KOIMYeECTBa MeJIKUX OpM Cc MpocTc 
ckybutypoli us rpynn Leiotriletes u Trachytriletes. SnauuresbHoe Mect 
cpeqH HHX 3aHHMaIOT OpraHMyeckHe ocTaTKH, onucaHHble B. B. Tumodeessi 
Kak Protoleiosphaeridium sorediforme Tim. “3 paHHellaJleO3OHCKUX OTJIORé 
Hult Bocrouwnot Cu6upu. Tloqodupie xe cbopmpt onucanpr C. H. Haymoso 
moj, HasBanuem Leiotriletes minutissimus Naum. u3 {pepHux cBuT IIpuypaubs, 
Oru o6pasoBpaHua mpescTaBsalor coOol cBoecOpa3Hble CKOMJICHHA MeJIKUX op 
C TOHKOM Pia{KOH WIM WarpeHeBOH OOOJOUKOH H OOJIbIUMM KOJIMYeCTBOM MeJIKM 
cKlaqok cmaTHA. B Takue CKOMIe€HHA BXOAAT HHOra 2—3 opMpl, a MHOT] 
no 30—40. B orfenbHbIx mpo6ax Hera 9TH (opMpI coctaBssator Zo 30% ¢ 
Bcero KOIMUeCTBa cnop B npode. B KoMmieKcaxX cCnOp H3 Je@BOHCKHX Opa 
3TH (bOpMbl BCTpeyeHb! He Obtu. Bce sTO NO3BO/AeT NpeAnOMaraTb, YTO YNOMS 
HYTbIe (POPMBbI NIPHBHECeHb B CMOPOBbIi KOMMIeKC JEBOHCKOH HeTH H ABJIAIOTCS 
BepOATHee BCerO, HM2KHEeMaJeO3OHCKHMH (OpMaMhH. 

BecbMa WHTepecHO, 4YTO KOMMJIEKC CNOP, BbIJeeHHbIH U3 MIaCTOBbIX BO 
JepoucKoro Bospacta (Eqpemoso-3p1koBo, cKBaxkuHa Noe 3), 3Ha4YHTeIbHO OWE, 
%Ke 110 CBOeMy COCTaBY K CIOPOBbIM KOMMJIeKcaM H3 JeBOHCKHX MOpoy. Tak 
B KOMIMJIeKce 3 MlacTOBOM BOJbl MpucyTcrByloT MpescraBuTemuM rpyn 
Arhaeozonotriletes Naum., Hymenozonotriletes Nauin., Retusozonotrilete 
Naum. Becb kommuiekc mpefcTaBsieH OosIee KPYNHbIMH (OpMaMH, Kak 3TO UMee 
MeCTO B KOMIJIeKCaX M3 JeBOHCKHX nNopoy. Menxkue cbopMbr ApeBHero OGHK 
B BOJ€ OTCYTCTBYIOCT. | 

IIpopeqeHHoe UccyleOBaHve, pe3yJIbTaTbl! KOTOPOTO, eCTeCTBeHHO, HYKJz 
IOTCA B YTOUHCHHH, MOKasa/l0, YTO CNOPOBO-MbIIbUeBbIe KOMMeKCbI, BbITe/1ek 
Hble H3 HeTu, HapsAyy c POpMaMH, XapaKTePHbIMH JIA BMellaloulux NopoD 
collepxKaT TakxKe BHI, BCTpeyalollvecd B Ooslee ApeBHUX OTNOKeHuAX, Ke 
KHM IlyTeM He*PTb MOria OOoraTHTbcA OOslIee APeBHHMH KOMMJIeKCaMH, OCTAael 
CA He BNOWHe ACHBIM. HanOosee ecrecTBeHHOe MpeAnoO*KeHHe, YTO HedT 
JO IpHXOa B IWlacT, B KOTOpOM celtuac 3aJieraeT, HeMOCpeACTBeEHHO OOllamac 
c Ooee APeBHUMH TOpOJaMHv, He MOXKeT He MPMBeCTH K BbIBOJY O BeCbMa GOVE 
WOH POM BepTHKaJIbHOK Murpaluu Hedru. Tak mH 93TO — MoKaxkKeT mpc 
WOJKeHHe UcceqOBaHHh. 

IIpopeenHoe H3yYeHHe  CHOPOBO-MbIVIbUeBLIX KOMMJICKCOB H3_ HetpTe 
Bouro-Y paJibcKOl OGs1acTH MO3BO/IAeT MPHATH K BBIBOLY O TOM, 4YTO NaNMHOWK 
THYeCKHM MeTOX MOXKeT B AOMONHEHHeE K APYrHM [aTb HOBbIe OObEKTMBHIC KPI 
TepHH JIA pelleHHA OYCHb BaXKHOrO HM TpyAHOrO BONpoca O MUTpallHu Heri 
IIpapuibHoe xe pelieHve BOMpoca O MUrpallMH npHOMsNT Hac K peleHH 
elle Golee Tpy{HOrO BONpOca O TeHesHce Hedru. 


MuctutyT reonorum u pa3pa6oTKu Tloctynuao 
POpIoOuUHX HCKOMAeMbIX 27 XI 1959 
Axayemun Hayk CCCP 


UMTMPOBAHHASA JIMTEPATYPA 


iJ; MeCGonmne lls S amudjen sy Je inst. PetroleoaaeNos loi 525 (1937). 2 
mor Janos, Szerves Maradvang-vizsgalatok magyaroszagi koolayokban, Budapest, 195 
7b. Bu Tumog ees, A. KK Kap kh weon, wat soe toon): 
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MHHEPAJIOTH A 


M. A. THEBYHIEB vu A. M. KPABILOB 


O COCTABE MIPHMECEM B YPAJIbCKMX WH AKYTCKHX AJIMA3AX 
(ITpedcmaeneno akademuxom B. C. Co6onecoim 29 X 1959) — 


| lUsyyenne coctaBa mpuMeceii B aJIMa3e BaxKHO JIA BBIACHeHHA TeOXUMH- 
j4eCKOH OOCTaHOBKH ero OOpa30BaHHA H OMpeseieHHA MpHpOLy xpomocopos 
{IBETHbIX KPHcTaJJIOB. CocTaB NpHMeceli B acbpHKaHCKHX UM OpasHMbCKUX aJIMa- 
#3aX H38y4eH cnekTporpaduyecku Uncaeem (?) u Paanom (3). Jina Haumx ore- 
YeCTBEHHbIX aJIMa30B HMCIOTCA JIHWIb BECbMa CKYHbIe H OTPbIBOUHBIe JaHHble. 

Hamu wa coslepxaHne mpuMeceli Optio usyyeHo 25 amMa30B 43 ypaJIbCKUX 
WM AKYTCKHX MecTOpOxenHH, B TOM 4uCIe 7 OeCLBeETHbIX KPHcTaJOB, 8 KeNTHIX 
W 3eJICHOBAaTO-XKeJITHIX, 5 3eJIeHbIX HW 5 BHUIHeBO-ZbIMUAaTHIX. DTU OOpPasilbl aHa- 
JM3UPOBaJIMCb MeTOJOM KOJIMYECTBEHHOFO CIeKTPaJIbHOrO aHaslH3a Ha cosep- 
MaHue iaBHeHwux mpelnouaraemprx mpumeceli — Si, Al, Mg, Ca u, xKpo- 
Me TOrO, Ha COjlepKaHue TeX 3JIEMCHTOB, KOTOPbIle B MepBYyIO O¥epelb MOryT 
ABJIATbCA XpoModopamu, — Fe, Ti, Cu, Ni u Cr. Ocrasbubre 2eMeHTHI Ompe- 
J€NANUCb Ka4deCTBeHHO. 

Bo nu30exKaHve NOCTOPOHHHX 3arpASHeEHHH, KPHCTaJJIbI asiIMa3a Mepey po- 
OneHveM nocsIeqOBaTeIbHO OOpaGaTHIBaloT TOPAYeli COJIAHOM KUCJIOTOM, Wap- 
CKO BOLKON, JUCTHJIIMpOBaHHOH BoXoK u cnuptom. AjMa3bI ApoOnsucb B CTyIKe 
}AOuxa WM NOJyYeHHBIe KPOINIKH UCTHpamuch mox coem cnupta. Mopomox au- 
Ma3a BTOPHUHO OOpabaTbHIBaJICA TEMH 2%e peaKTHBAMH JO OTPHIlaTeIbHOM pe- 
aK Ha %Keles0 WH MpOCMaTpHBaJICA MOA OMHOKYJIAPHbIM MHKPOCKONOM JIA 
yasleHuA CJIyUaliHbIX MeXaHWYeCKHX 3arpASHeEHHH M3 BO3SZyxXa UM MOCyABI. 

CnekrporpaMMbl CHHMaIucb Ha cnekTpodusbtpe MCII-22 B obmactu 2235— 
38450 A c stano0HaMH Ha OCHOBe NOpOllika CMeKTpasIbHO-YHCTHIX yrvieH. Pa6o- 
Wve rpalyupoBounbe rpaduKku Optiu mocrpoeHbr no 3HayeHuaM AS, movly4eH- 
HbIM Kak CpeHee 3 JeCdTHKpaTHOrO choTorpapupoBaHuA VIA KaxKOM KOH- 
WeHTpawuu stamona. I]norHocTh MOYePpHeEHHA CIeKTPaJbHbIX JIMHHH 2TAJIOHOB 
M OOpasiloB u3Mepssiach Ha MuKpodotometpe M®-2. 

Hekoroppie KpHcTaJJIbI C 30HAIbHOM HM HEpOBHOH OKPacKOH MOcMe WpodeHHA 
OblIM pas0OpaHbl 0 OHHOKYIAPOM Ha OKpallleHHylO M OecliBeTHy!o YacTH, 
TIPHYeM Kaxklai US HUX aHaJIM3MpOBaJlacb OTJebHO. Takoe pa3feseHHe, KO- 
HeuHO, He ABJIAeTCH aOcou0OTHO TOUHLIM. Ilostomy Wudps, MOyyeHHbIe np 
aHamMs3e TaKUX (pak, He JalOT TOUHOM KOJMYeECTBEHHOH OWeHKH, HO BIOI- 
He JOCTaTOUHbI [WIA YBePCHHbIX KaUeCTBEHHbIX COMOCTAaBJIeHHH. 

CnekTpaJbHbIM aHasIM30M B HcceqOBaHHEIX OOpasilaxX YCTaHOBJIeHO IIpH- 
icyrcrBue Si, Al, Ca, Mg, Fe, Ti uCu. Ilepprre maTb aeMeHTOB MOryT paccMaTpH- 
BaTbCA KaK HOCTOAHHBIM, YCTOMYMBbI KOMMIeKc mpuMecel. OHM MpUcyTCTBYIOT 
He€3MeHHO BO BCeX aJiMa3aX, XOTA KOJIMYeCTBA UX WH MeHAIOTCA BeCbMa 
CHIbHO OT OOpa3iia K OOpasily — B JecaTKH M axe coTHH pas. InaBHeniluMn 
W3 HUX ABJIAIOTCA KPeMHUH (cOJepxallMlicA B KOHWeEHTPalMH OT Ox szlOa 
mo 400-1075) u marnuit (ot 1-107 no 300-10~°). B 3HaunrenbHO MeHbUMX, 
HO O60ee MOCTOAHHBIX KOJIMYeCTBAX COfJepKHTCA B aJIMazaX IIPHMeCb 
aliomunua (or 0,4-10-> go 30-10~°). Haumenee sHauutenbHa (3a peqkuMu 
UCKJIOUCHHAMH) TIpHMecb KaJIbUMA, KOJIMYeCTBO KOTOpOrO B  OOJIbILIMH- 
CTBe HCC/IeQOBaHHBIX OOpasu0B KOJeOJeTCA B CpaBHHTeJIbHO Y3KuX 
tpeqenax — or 0,3-107-5 no 8-10°5 uw mum B OAHOM cilyyae (KeTHI ypasb- 
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ckuli asima3) coctapiser 60-10-% Kemeso B OeClBeTHbIX aJIMa3aX Ct 
JepxkUTCA OOBMHO B HHYTOXKHBIX KoOMYecTBAaX (He Oosee 6 -10~°), HOB OKpallle) 
HBIX KPHcTaswax ero COfepxKaHHve noquuMaercs Jo 50 -10~°. Turan He ABAseTG 
CTOJIb MOCTOAHHOM rpHMecbIO, KaK MepedHcvIeHHbIe SvIeMeHTbI. OH BCTpeyeH , 
HeOouIbIIHX KOMHYecTBax (1-10-° — 5-10~*) B 14 o6pasmax v3 25, B OOubUIM 
cTBe culy¥aeB — B OKpallleHHbIX KpHcTasax. Cefbr Mequ OOHapyKeHbl JIMIL 
B Tpex oOpasiax. Hu B OfHOM 3 aJIMa30B He OOHapyxKeHO axe creqoB Ni, 
Cr. Tlepppri u3 Hux He OOHapy2KeH HM B aJiMa3ax 3apyOexKHbIX MeCTOPOKeHk 
(?, °). Jina xpomMa oOTpulaTebHBI pesybTaT, MOxeT OpiTb, OObACHAETC 
BeCbMa HM3KOl UYYBCTBHTeJIbHOCTbIO ero OMpeyesleHHA. 

Tlo cnucky O6HapyXeHHbIX 9QJICEMeHTOB ypaJibCKMe HM AKYTCKHe aJiMa3 
ofuHakosbl. Ho cofepxkaHwe MarHHA H Kedle3a, CCIW CpaBHHBaTb OecllBeTHE 
KPHCTaJJIbl (UBeTHBIe AKYTCKHe aJIMa3bl He HCCJIeAOBasIMCb), B AKYTCKUX aJIM 
3aX MOUTH Ha Wesbili MOpAOK Bbillle, YeM B ypaubcKUX (cM. Tabs. 1). & 


Ta6Omuna 4 


Coep2kaHve mpumecel B OeclBeTHEIX amMa3ax (B C-10°) 


Ypan SAkxyTua 
OnemMeHT 

ti | sy | ty [om me] te | oe [om 
Si 70 30 400 400 30 400 0) 
Al { 3 4 2 3 10 2 
Ca 0,3 0,4 0,2 4 2 4 0,3} 
Mg 20 10 5 5 90 60 800m 
Fe 2 0,4 0,3 0,3 5 6 2 
S05) — 4 3 — — — — 
Cu Cul. = = — — oe sel 
Ni ig 2h Ss ue iit ae = 
Cr = s ot ae aes = 


MHTepecHad OCOOeHHOCTh BPA JIM cuyYalHa U, BePOATHO, OObACHAeTCA OMpr 
JeJICHHBIMH pa3JIMYHAMH B YCJIOBHAX OOPa3s0BaHHA TeX WIM Apyrux. 

MccieqOBaHHeM XKeJITHIX OKPYTVIbIX aJIMa30B H3 YpaJIbCKUMX poccpinelH OOHap? 
2KeHO 3OHAJIbHOe paclipesesieHHe B HHX OKPaCKH, COCpeMOTOUeHHOH JIMIWb B Hi 
Py2KHOH YacTH KpucTamwia. Takad 30HaJIbHOCTb paHee Oniula 3aMe4eHa Y 2KeJITH 
AKYTCKUX OKTA2{poB asimasa (*). B Hatem cyyae (TaOs. 2) B *KeTON Hapy KHC 
30He aJIMa3a YCTaHOBJIeHbI Mi 
BbILeCHHbIe KOHIeCHTpallvuH 3 
CocraB mpuMmecel B 2KesITOM amaze (B C-105) TOJIbKO Kevle3a (1), KOTOPOe BE 
3bIBaeT €€ OKPacKky, HOH Jp 


TaOauna 2 


& & Kea- iy 
3} PKentaa Becupet- g Taav Becupert- THX MOCTOAHHbIX pWMeceu =: 
E o6o04uKa | Hoe aqpo Seon Hoe Apo Si Al, Mg H, B MeHbUIeH CT 

= a meHu, Ca. Takum o6pas3o! 

KPUCTaJII COCTOHT H3 OTHOC) 

Si 70 8 Ti 5 7 Big yucTOoro 6 Ol 

Al 30 2 Cite tates - epee 

Ca 8 | Ni Ld ne Apa WU CHIbHO 3arpxAsHeHHC 

Mg 300 70 Cr — = TipHMecAMM OKpallieHHOH 06 

Fe 6 0,9 JOUKH (rpaHuila Mexk]y HH 


BeCbMa pe3kaa). Cnoco6 m0 
rOTOBKH K aHaJIu3y UCKJOUaeT MOMayannve B NpoOy MOcTOPOHHUX UaCTHUIL, K 
TOpble MOrIH Obl, MPOHHKHYB HeKOra B NOBepXHOCTHYIO 30HY KpHcTaJ 
10 MHKPOTpelllHHaM, B HeH 3ayepxatbca. Tlostomy JaHHble Tab. 2, BepOATH 
CBHJe€TeIbCTBYIOT O Pe3KOM H3MeCHeCHHH YCJIOBHU KPUCTaJIM3alMM Ha mocae 
HUX CTaquAX pocta asMa3a. 
BeposTHO, B HeEKOTOPbIX ClyYadX Ha OKPAaCKy 2KeJITSIX amMa30B BIMAeT 
IIpHMeCb THTaHa, 
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Oxpacka 3e/leHBIX aJIMa30B (M3 4MCa HAMM UCcMeOBaHHEIX) JaxKe B TeX 
yuaax, Korla BHU3yasIbHO KPHCTaJI KaxKeTCAH PaBHOMepHO OKpallleHHDIM, B 
CTBHTCJIbHOCTH BbI3BaHa OTJCJIbHbIMM MATHAMH VM XJIONbAMUM 3eeHOrO LBeTAa, 
CCeAHHbIMM B OeCIIBeTHOH Macce aJIMa3a HM B OCHOBHOM IIpHypOueHHBIMH K eo 
MNOBEPXHOCTHOH 30He — 9TO TaK Ha3bIBaeMble «MATHa nMrMentalun» (3). 
aSeJIbHbIH aHaJIM3 OKPaleHHDIX HW OeCI{BETHbIX OCKOJIKOB TaKHX KPHCTaJJIOB 


KasaJIl, UTO 9TH NATHA OTHOCHTeIbHO OOoOraleHbt Si u Fe (ra6. 3). TMospnuen- 


Ta6nauna 3 


ConepxkaHve mpuMeceli B pasM4HBIX (pakVAx 3eNeHEIX amMa30B (B C-105) 


O6p. NS _ O6p. Ne 9 O6p. Ne 10 
OnemeuT ¥ 
ere OeclBeTHan thes OecuBeTHaA fee baal eat age OecuBeTHaA 

Si 10 0,3 8 0,5 60 6 2 4 
Al 0,6 by) 4 0,6 0,6 0,7 0,9 al 
Ca OVS nbO 5 0,51 0,5 0,61 0,6 0,6 0,4 
Mg 2 4 2 3 2 4 0,1 2 
Fe 70 0,5 30 0,5 30 6 3 0,3 
Ti ses 4 3 == 3 ae = = 
Cu cu. S — = Ci. — — oe 
Ni eS a ie = a = = se 
Cr Soh}. eR Sng) eh Perth sea eet | ieee 


Oe cOJepxKaHHe *Kele3a B POpMe 3aKHCH, OYeBHAHO, H OMpesleAeT WBeT TAKUX 
(ATCH MMTMeHTAWMH. ITO OCcOOeHHO HariAHO BUHO Ha MpHMepe oOpasua Ne 10 
a0. 3), H3 KOTOPOrO, KpOMe 3e/IeHOH H SeclBeTHOH, Obl BbIJeIeHbI Mpo- 
eKYTOUHBIe (pakunu. Takum o6pa30M, BbICKa3bIBaeMble paHee mpeAmooxKe- 
UA O TOM, 4TO BOSHHKHOBEHHE MATeH NHPMeHTAHH OOyCJOBJIeHO BO3elCTBHeM 
aMOaKTHBHbIX M3yyeHHH (1), He MOATBepxaeTca. 

MceneqoBaHuaA BHIIHeEBO-AbIMYaTHIX aJIMa30B He JlaJIM OMpeevIeHHbIX yKa- 
HHH Ha IIpHcyTCTBHe B HHX KaKHX-JHOO CheluuyecKHX MpHMeceH, BJIMAIO- 
AMX Ha UX OKPacKy. OTMM MOsTBepxaetca MHeHHe A. A. KyxapeHko, 4TO ux 
BeT OOYCJIOBI€H YaCTHUHbIM paCMaOM KPHCTaIMYeCKOH pellleTKH aJIMa3a C 
Ppa30BaHHeM MeJIKO{uCMepcHoro rpaduta. 


LlentpaibHaa 9KcneqMIHA Tloctynus10 
Bcecoro3Horo reojlorMuecKoro HHCTHTyTAa 26 X 1959 


IMTHPOBAHHAA JIMTEPATYPA 


1A Tl BoO6Opuesuy, M.-H. Bongapeuko wu op., Anma3upie mecTopoxse- 
@ Axytun, M., 1959. 2 F.C. Chesley, Am. Min., 27, 20 (1942), *F. A. Raal, 
m. Min., 42, 5—6 (1957). 
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Jlonnagn Akagemunu nayk CCCP 
1960. Tom 130, N 6 


MHHEPAJOL 


A. Jl. KAJIEHOB 


OB OCOBEHHOCTAX COCTABA CYPbMAHbIX MHHEPAJIOB 
SOHbI OKHNCJIEHHA 


(ITpedcmasaeno axademuxom J. H. Mlepbaxosoim 2 VITI 1959) 


TunepreHuple CypbMAHbIe MHHepaJbl Yallle BCerO BCTPeyaloTCA B BHJe : 
JIMCTHIX aPperaTOB, CMeWIAHHBIX C KAOJIMHOM, APOSHTOM M KapOoHaTaMH, a Ta 
M JpyrHMU MHHepadiaMM 30HbI OKUCIeHHA. CKpbITOKPUCTaJJIMYeCKOe CTPOeH! 
TeCHOe CpacTaHHe MPHBOAAT K OOJIbUIMM 3aTpyHEHHAM B OTOOpPe HHAUBHY: 
3MpOBaHHbIX pa3HOBHAHOcTeH. OrcyTcTBHe pa3spaOOTaHHbIX MeTOJMK JIA 
MMYeCKHX aHaJv30B CYPbMbI Pa3JIMYHOH BaJIeHTHOCTH, BbICOKHe MOKa3ai 
IIpesIOMJIEHHA HM [pyre ocoOeHHOCTH upesBLIYaHHO 3aTPyHAIOT AMarHOct 
OKHCJICHHBIX CYPbMAHbIX MHHepasios. Bce sTo MpHBesIO K OOMIHIO OWIHOC 
BbIJeJIeHHbIX MHHepaJiOB CYPbMbI. XapaKTepHO, YTO B CTATbAX MOCMeHHX 
KaCalollUXCA H3JIMUIHHX Ha3BaHHli MuHepasos (°), d@urypupyloT Ha 50% w 
HO PHMepreHHble CypbMAHbIe MHUHepaJIbl. | 

B nocaelHne rob B meyaTu B craTbax A. I]. Konogy6a u IO. A. Uepuuy 
(1) w B pyKoBojicTBe m0 aHamusy pyd TO. C. PalnGepr (?) nosBusmuch ¢c 
I€HHA O BOSMOXKHOCTH HCNOMb3OBAHHA BHHHOM KUCJIOTHI JIA cbasoBoro aHaJ 
CYPbMAHBIX py. OcoOpie cBOHCTBa BAHHOM KUCJOTbI, M30MpaTebHOe pac 
peHne el0 CBOGOJHOH TpeXOKHCH CYPbMbI, T. e€. MHHEpaJOB BaJIeHTHHUTAa U 
HapMOHTHTa IIPHBJIeKJIM BHHMaHve HM MMHepasoros. Tax, JI. Bb. nan 
BIepBbIe MpeiOxKMia MPHMeHeHHe BHHHOM KUCJIOTbI K JHarHOCTHKe OKUC 
HbIX CYPbMAHbIX MHHepaJoB. 

OcHoBbiBanch Ha JaHHbIX Mepe4HCJICHHbIX AaBTOPOB H HCMOJIb3yaA CcBOK 
BHHHOM KHCJIOTbI, Mbl IPOM3BeJIM MpH H8y4eHHH OKHCJICHHBIX CYPbMAHbIX 
HepaJiOB cpefHea3HaTCKUX MeCTOPOXJeHHH MHOPOUMCJIeHHbIe MAKPOXHMUYEC 
peakluH. On CBOAMWIMCb K KHNAYeHHIO B TeyeHHe 20 MMH. HCHBITHIBAae) 
MatepHasia B 10% pacTBope BHHHOM KUcOTHI c OOaBeHHem CsCl u KJ 
opty). 

B nepBblit NepHOk, MAKpOXHMHYeCKHe peakIMH MpOv3BOAMINCh C Mpo3} 
HbIMH KPHCTaJJiaMH CeHapMOHTHTa M3 pyqHHKa KoucranTuy (AmxKup) u my. 
HBIMH 9TaJIOHAMH BaJIeHTHHuTa u3 AsxKupa (CeHca), PymptHnu (Bosunr 
@panyuu (Anemont). IIpu BentieonucaHHbrx ycOBMAX peakllMu nOmyyad 
WecTHyueBble 3Be30UKH Oyporo WBeta (puc. | a). Uepes HecKObKO Cex 
JIy4H STHX 3Be3 CMbIKAIOTCH HW OOpasyloTcsA YeTKHEe WeECTHYTOJbHUKH (pHC. | 
Ilocie storo ObIWIM MpOWsBeeHbI peakKUMM CO CTHOMKOHUTOM M43 MHOroUNc. 
HbIX MeCTOPO*KAeHHH Kak CpequeH Asuu u Kasaxcrana (Ilonutac, Kazama 
Bananru-Jlapas, Tepex-Cali, Typraiicxoe), tak u s3apyOexKHpix (BopHe 
Capapak, Anrma — Kopnysac u gp.), a Takxe rupopomeutom (Xalifapi 
M rHpocepBaHTuTOM (KajlamyoKali). PeakiuH MpousBoqusuch c MHTepBad 
B 20 u 10 mun. Bo Bcex cilyyaax 3a BecbMa peXKMMM UCKIOUeHHAMH OOP 
BbIBAJIMCb Take %Ke WieCTHTPpaHHUKH, Kak UM JIA CeHAaPMOHTHTA H BaJleHTH! 
(puc. 16, 2), pasHulla JMLWb B TOM, 4TO B OMHUX Cily4YaAX UX KOJMUeCTBO OOM! 
B pyrux — MeHbiwe. B TO xe BpeMA MpOBepKa C HCKYCCTBEHHBIMU CoeqHH 
AMH MOKA3bIBaeT, YTO NOOMKUTeIbHaA PeakUMA MOMY4aeTCA TOAbKO Ma T 
BaJICHTHBIX COCHHHEHHM CYPbMBbI H He NOMyuaerTcs MIA COCMMHEHHA CYPbMBT | 
Wel BaJIeHTHOCTH. 
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K cmamee A. J. Kaaenoea, cmp. 1322 


Puc. 1. @— ceHapMOHTHT, MecTopoxjeHHe KoxctautuH (AmxKup), MHKpOXHMH- 

yeckad peakuna c CsCl u KJ, I cragqua; 6 — cexapmonTuT, mectopoxjeune Kou- 

eTanTHy (AmKup), MHKpoxuMuyeckaad peakuua c CsCl u KJ, II craqusa; ¢— 

CTHOUKOHUT, MecTopoxyeHHe Typralickoe, MHKpoxXumuyeckad peakiua c CsCl u 

KJ, I] craqua; e— crHOuKonuT, mectopoxjenue Typk-Ilapujza, MuKpoxumuuec- 
Kaa peakuua c CsCl u KJ, II craqusa. Muxpodoto, 240 x 


Kemamoe A. B. Pydueeoti u T. 1. Maaowueeoti, cmp. 1329 


Puce. 1. JjeOaerpammpl uncTpix (bas Oalikoputa (a) uw TuTaH-aBruta (6). OOpa3ub THTaH-aBruta 
nomyyenp y A. H. Userxosa. [leOaerpammbl cHaTHI Ha Cu-n3vlyyeHHH 


Tf 


PesysbTaTbl MAKPOXMMMYeCKHX peakIM IIPMBOLAT K BbIBOJY, UTO B 30HE 
OKUCJICHHA CYPbMAHBIX MecTOpOKAeHHH OOpasyloTcH He HHAMBUyanMsupoBaH- 
HBI€ MHHePaJibl, a COMI arperaTbl OKUCJICHHBIX CYPbMAHbIX MHHepasoB. 

Jia MpOBepKM STOO NOMO%KeHUA Obl BEIMOIHEH PAL XMMMUeCKHX aHaJH- 
30B (P. ©. Makapopa) u penTrenoctpykKTypHBIX aHaJIH30B (O. H. Mapxosa) 
OKHCJICHHBIX CYPbMAHbIX MMHepaslos. He wMeA BO3MOXKHOCTH MpHBeCTH MO.- 
HOCTBIO BC€ aHaJIMTHUeCKHe JaHHble, IPMBeAeM JIMUIb pA XapakTepHbix avasu- 
30B M3 CpeqHeasvaTCKHX MecTopoxw Jenni. Jlia STUX %Ke OOpaslOB NpUBOLATCA 
MOKasaTeH MpeOMJIeHHA, ONpeeeHHble B CPOCPOpHbIX AKHAKOCTAX U cIVla- 
|Bax, a Take Y/leJIbHBIe Beca (MMKHOMeTpHuecKHe onpesesieHua): 


O6Opasen Ne 46, Tepex-Caiki 


O6Opasen Ne 51, Typx-Ilapuga 
SbeO3, pacts. B BHHHOTI ; 


Sb2O3, pacts. B BUHHOH 


KHCJ. 2,48% KHCJ. 4,32% 
Sb205 52 ,26% Sb:05 53, 09% 
Sb203 36, 00% Sb203 33,82% 
CaO 3, 40% CaO 2,60% 
H,O+ 3,29% H,0+ 3,16% 
nieve 2,9% Batya. 0,80% 

Cymma IIS 0% Cymma. . - 99,50% 
d 5,414 d 5,20 
N 1,914 N 2,076 


TakHM O6pa30M, XMMHYeCKHe aHaJIH3bl MOKa3bIBalOT, YTO B CTHOMKOHUTAX 
Tepex-Cas u Typx-Ilapuger cozepxxurca or 2,4 70 4,3% mMexannueckolt mpHMecu 
CBOOOJHOM OKHCH TpexBaJIeHTHOM cypbMpI. PeHtreHoMeTpHyecKHH aHaJIM3 mn0- 
Ka3biBaeT Tak2ke MOCTOAHHOe HaJIMuHe KPpOMe CTHOMKOHUHTAa HW Apyrok da3spi — 
MuHepayia poMOMYecKOH cHHroHHH (Tabz. 1). Pacummdposka II da3pt mpefcras- 


Ta6auua 1 


PesybTaTbl PCHTTCHOCTPYKTYPHbIX aHau30B 


| 


O6pasey, Baio x Tepex- OG6paser Ne Ad Typx-Iapu- O6pasen Ne 15 —Anaup, Koncrahran 
drmapu. |hkil cru6u- draapu. |hkl ctuou- hki Banen- |hkl cTu6n- 
I das HKOHUTa 7 asp KOHHTa I d THHUTAa KOHHTA _ 
il 0 ,0296 114 
2 3,74 4 One 1 0,3480 | 140 
4 3,44 4 3,30 2 0,822 114 
7 3,08 314 a 3,066 3411 7 0,1021 | 121,040 314 
tf 2,951 DEP 7 2D SV 222 3 0,1142 222, 
4 2,654 4 2,481 il 0,1345 | 0,02 
3 2,408 4 2,405 1 OFA Oe 
4 1,805 # 2,349 it 0,1523 400 
4 1,811 440 4 1,818 440 il 0,1664 | 200 
4 1,786 2 4,780 4 02385, | 154 132 
4 1,730 531 3 {i290 534 2 0, 2598 333 
21 1,643 3 | 41,640 3 | 0,2712 | 204,106 
2 1,564 933 4 4,502 533 3 003050 | 003 440) 
3 4,547 622 3 1,547 622 2 0,3092 | 242,164 
1 | 41,495 3 | 1,494 1 | 0,3316 534 
2-| 1,474 444 3 1,470 444 2 Opes |) AZZ, 
3 | 4,435 714 4 | 1,437 714 2 | 0,4077 533 
3 1,344 731 2 1,330 734 4 0,4184 622 
1,330 2 4,256 3 0, 4830 
Tnapuaa cba3a — Mu- [napnaa dasa — Muxepan| Baaentunut c mpumecnio (15—25%) 
Hepa KyOu¥eCKHH CHH- KyOuuecKoH CHHTOHHM — cTHOMKOHUTA 
TOHHH — CTHOUKOHHT, cTHOHKOHHT, a° = 10,24 
a°—= 10,43 ¥ X, II ha- K X, II dasa — BaneHTH- 


3a — MHHepasl poMou- 
yecKOH CHHTOHHH 


HHT 
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AMeT 3HAUHTeIbHbIe 3aTPyAHeHHA, HO BCe Ke MO XapaKTepHbIM JIHHHAM OH: 
cKopee BCero, OTHOCHTCA K BaJIeHTHHATY, B TO BPeMA KaK TvlaBHaA (asa COBe| 
WIeHHO YeTKO HarHOclupyeTcA Kak CTHOMKOHHT. 

Takum o6pa30M, rumepreHHble CypbMAHbIeC MHHepaJbl CpeqHeasHaTCKHX M 
cTOpoxJeHHH MpelcTaB/AIOT COOOM CMeCb OKHCJICHHBIX MHHepaJIOB CYPbMbI BbI 
wel BaJIeHTHOCTH, PlaBHbIM OOpa30M CTHOMKOHUTAa, C MHHepasIOM pOMOM4eCKC 
CHHIOHHH, KOTOpPbIH, cya MO pacTBOpeHHiO B BHHHOM KMCOTe, CHHTOHMH 
ApyrvM JaHHbIM, CKOpee BCerO ABJIACTCA BaJICEHTHHUTOM. Ha 9TO yKa3bIBaloT 
MOBbILIeCHHBIe WOKa3aTeJIH MpeJOMJeHHA WIA STHX MHMHepaJIOB, MpeBbILalouly 
cpefiHve 3HaveHHA Wa cTHOuKOHMTOB. Halu pesyibTaTbI B 9TOM BOMpoce E 
MHOFOM coBnajalor c BpiBoyqamu B. Me3ona u K. Butrasuano (4), OTMeuarOUM: 
YTO B OOJbIleH YacCTH H3yYeHHbIX HMM C MOMOULbIO XHMHYeCKHX H, PeHTreH 
CTPYKTYPHbIX aHaJIH30B CTHOMKOHHTOB MpucytcrByerT oT 5 Jo 25% BaJleHTHHH) 
B Be HeOTeMMOH MeXaHHyecKOH MpHMecH. 

OueHb WHTepeceH H YCTaHOBJICHHbIN HalHMH HCCJleqOBaHHAMM (akT, 1 
arperaTHoe CTpOeHHe XapaKTepHO He TOJIbKO JIA MOPOLWIKOBAaTbIX H 3eMJIHCTb 
CYPbMAHBIX OXP, COCTOALIMX P1aBHbIM OOpa30M M3 CTHOHMKOHHTA, HO TakxXKe H J: 
Ka3aJl0cb Obl, UHCTbIX KPHCTaJJIOB BaJIeHTHHHTa. Tak, PpeHTTeHOCTpyKTYPHb 
aHaJIM3 BeCbMa TULaTeJIbHO OTOOPaHHHIX KPHCTaJIJIOB BaJIeHTHHHTa H3 PyHHI 
KoxcrauTuu (Amxup) noka3blBaeT, UTO HM 3TH BH3YaJIbHO BeCbMa UHCTbIe pa3H 
BHAHOCTH BaJIeHTHHHTa UMeloT mpuMecb Jo 15—25% cru6uKonuta (cm. Tabu. | 
Vitak, copepiieHHo YeTKO JOKa3bIBaeTCA MOCTOAHHAA TIpHMecb BaJleHTHHHTA 
CTHOHKOHHTe H HaOOOpoT; HepeAKU cly4¥aH MpHMecH CTHOMKOHUTAa B BaJeHT) 
Hute. MMeHHO nosTOMy AVIA TOUHOM WMarHOCTHKH CYPbMAHbIX MHHepaJiOB Heo: 
XOMMMO MIpHMeHeHHe (ba30BbIX aHaJIH30B H OCOOCHHO 2Ke/laTeJIbHO MpHMeHeH) 
peHTreHOMeTpHuecKoro MeTO/a. 


Tlocrynuo 
30 VII 1959 


eK a 


UWHTHPOBAHHASA JIMNTEPATYPA 


d 

1A. TL Kounogys6, WW. A. GWepuuxos, Sas. aza6., 9, 467 (198 
710.C. Dawu6epr, Ananu3 py upeTHbix metatos, M., 1953. 3 JI. B. aaa: 
3an. BMO, 2-9 cep., 79, B. 1, 63 (1950). 4B. Mason,C. Vitaliano, a) Econ. gec 
Ne 11/12, 1952; 6) Min. Mag., Ne 3 (1953). © Bull. fran. Min. Crystalogr., 195, Ne 76,| 
378 (1953). ; 
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Hornsage Akagemun nayr CCCP 
1960. Tom 130, Ne 6 


MHHEPAJIOTHA 


H. A. KOPHHJIOB 


JKEJIESMCTBIE CEPMEHTHHbI MEWEHPCKHX CYJIb®H]HbIX 
MEJ\HO-HHKEJIEBbIX MECTOPO)KJIEHMM 


(ITpedcmaserexo akademuxom A, I. Bemexmuneim 16 III 1959) 


Muuepasbt rpynmbt cepneHTuHa, omMcaHHbe B HTepatype ((1~5) u ap.) xa: 
| PakTepH3ylOTCaA CpaBHUTebHO HEBbICOKUM COsepxKaHHeM PviaBHeHUIMX H3OMOpd- 
'HBIX IIPHMeceH WM MX KayeCTBeHHEIM OfHooOpasuem (FeO, Fe,O3, Al,O,). 
_JIvimb B nocjieqHHe rob! yCTaHOBJIeHbI CepmeHTHHbI C MOBbILICHHBIM CosepxKa- 
-HHeM IvIVHO3eMa psa cepneHTHH — NapakaouHuT (°). KoHeuHbt »keme3Hc- 
Tb wieH pxfla cepneHTHH — qbeppocepneHTHH, Ha3BaHHbIii TpvHaJIMTOM, 
Obi WeTasIbHO HccyIeqOBaH paHee (*). CBeqeHuA 2%Ke O MPOMeXKYTOYHHIX WleHax 
/pafla cepneHTHH—rpuHaluT B wJHuTepa- 
Type OTCYTCTBYIOT, a B CBOJHBIX paborax 
WIA STOHTpPyMMbl MHHeEpasOB HeT COOTBeT- 
CTBYIOUWMMX = MarpaMM cOcTaB — CBOKCT- 
Bo (°,°). 

Tip u3yyeHHN CepmeHTHHOB ruypotep- 


MaJIbHO VM3MCHeCHHbIX HM MeTacOMaTHYecKH 
OpyHeHembix (7°) YyuIbTpaOCHOBHbIX MOpo, = ° ours 
TlevenrckuX MeJHO-HHKeJIeBbIX MecTOpOx- Pe) re 
J@HHM aBTOPOM YCTaHOBJIeHO, YTO 3TH cep- 
Me€HTHHbI XapaKTepu3yIOTCA HepeKO MOBEI- 
WeHHBIM cofepxaHvem FeO u orHocatca Y ce" ve) 

K pay cepmeHTHH—rpuHaiutT. Odutee hae ree 
mpelcraBseHue 0 XMMHYECKOM CocTaBe HaW- En tae 
MeHee 2KeNeS3HCTEIX M€YCHTCKUX C€PNEHTH- ronoenommenua u ynenbuoro peca cep- 
HOB JlaeT Ta6. 1, 43 KOTOpO BUZHO, YTO  yeyTuHoR or comepxKanua B Hux Fe? 
STH CepMeHTHHbI MAeHTHUHEI M0 COCcTaBy 

CepleHTHHaM H3 YJIbTpaOCHOBHBIX MOpoy i 

mpyrux palionos. BeseycrBue TOro YTO CYUeCTBeHHEIMM H3OMOP@HEIMH NpHMecaMu 
ABJIAIOTCA TPH OTMCYCHHDIX BbIIe OKHCJA, BaJIbHeHIeM Obi MpOusBeLeHbI YacT- 
Hble XAMHYeCKHe aHaJIM3bi MHOPHX CePMeHTHHOB HMeHHO Ha 9TH TPH COeHHEHHA. 
Ucceqopanuio MOsBeprviMCb CepMeHTHHE! CJlefytoulMx MopdomornyecKux pa3HO- 
BUHOCTel: XPH30THI-acecT, cepoduT u anTuropuT. Ilepey aHau30M MuHepaJibl 
NOMBEPIvIHCb TWLATeIbHOMy OTOOPy MO OMHOKYJIAPOM, MpH4eM XpH30THJI-ac6ecT, 
KaK 9TO pekomensyetca (2), o6pesasica C KOHI[OB HOXKHAMLAMH HM CMHHAJICA JIA OC~ 
BOOOMKIeCHUA OT MarHeTUTa. KOHTPOJIbHBbIe OMpelesIeHHA OKHCJIOB %Kesle3a B ABYX 
apaJWJiebHO OTOOpaHHBIx mpoOax BecbMa 61u3Ky (FeO=1,56 %; FesOs= 2,25% 
(aHanutux B. TI. 3arunatiuenko); FeO = 1,58%, Fe,03= 2,22% *(aHanuTHK 
E. A. Kynpunuxkas)). Cepnodput 4 axTHropuT Avia npedynpexqeHua OKHCACHHA 
2Kele3a MPH UCTHPaHHH W3MesbUaMCb NOM aOcOJIOTHbIM CNMpTOM (™) HIM xe 
aHaNM3HpOBasIHCb B OOJOMKaX pa3MepoM He MeHee 0,2 MM, Kak peKOMeHyet 
May3ennyc (13), OnHOBpeMeHHO OMpeeIAJIMCb C MOMOLLbIO MMKHOMETpa yeub- 
Hble BeCa CePHeHTHHOB, a Tak2Ke HMMePCHOHHBIM MeTOJIOM CBeTOMpe/OMMeHHe 
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Munepan 


X pu30TH-acbectT 


CepnoputT KkomiomMoppaplt 


Cepnogut 
TH 


CepnouT mMenkouelllyhuatp i 


AxHTHrOpHT 


KPHNTO3epHHc- 


Ta6auna 1 


COREE Fist on meee ee OE aan 
Y nenbublt { 
FeO FeO; | Al,O; Bee NT sds ap ; 
a EN 
1,38 | 2,34 | 0,88 4,554 1,538 
1,56 | 2,25 | 1,20) 2,55 | 4,553 4,545 
2,34 11,85] 1,00} 2,602 |4,556 4,552 
4,42 | 2,30 | 1,46| 2,587 14,556 1,552 a 
4,54] 1,85 | 41,57] 2,589 4,565 
1,58 | 1,50 | 0,90 1,560 
2,033! 4e4d | (ZG eaoee56 4,564 
3: 00 l\e4i2A8, day cex 2,612 4,564 
3,42 | 1,35] 4,71] 2,649 1,563 
WGA \ikoQTh -—r bende Ghde hg oon 4,559 | 
2,60 | 1,44 | 1,48] 2,620 1,565 
331 | 452 4-28) 2.613 4,567 
4,93} 4,69 + — 2,658 | 1,564 1,558 
6.57 | 2,06 | 0,94] 2.649 | 1,570 1.567 : 
6, TO HELD he 2,643 11,569 4,566 
8,30 | 1,24 | 1,84 a 1,577 
9,44 | 2,60 | 4,40 =e 1,568 
6,89 | 1,61 | 1,40 ea 4,569 1,566 | 
3,73 | 4,19 | 0,96| 2,635 |4,572 4,567 | 
4,11 | 4,03] 1,10| 2,633 14,574 4,567 3! 
4,23 | 4,56 |4,77| 2,652 14,569 4,565 | 
505 eos 2,654 14,577 4,572, an 
6,69 | 0,65 | 2,34] 2,701 |41,575 1,572 
6,89 | 1,834] 4,56| 2,677 |1,578 1,574 79 
7,26 | 3,36 | 1,02| 2,679 -|41,578 1,574 
AnasIuTHKH 
3. MW. Topomenxo, E. A. Anaau3 aptopa 


Kyapuuukan uv E. WM. Ycnen- 


cKaA 


(c rouxnoctbio ++ 0,001). PesybratTet Bcex ompeyeeHui cBeeHbI B Tabu. 1; uw 
Hee BHJIHO, 4TO COJlepKaHHe OKHCH Kele3a WU TIMHOSeMa B CepmeHTHHaX H3Me 


Oxucen 


SiO, 
TiO, 
Al,Og3 
Fe,03 


XpuH30THJ-ac- 


Ta6Omuna 2 


ect, % Cepnoout, % 
42,04 42,29 
0,08 0,08 
4,20 1,49 
2,20 1,42 
1,56 2,03 
0,06 0,05 
88, 24 39 ,00 
0,00 0,00 
0,05 0,14 
0,00 0,00 
12,87 Wal) 
1,44 1,04 
0,17 0,24 
0,04 0,05 
99,94 100,49 


4 


Auagnutuk B. T. 3arunaiiuenxo 


HAeTCA JWIA MOLaBJIAIOWero OOJIbIIMH 
CTBa CepMeHTHHOB B OYeHb y3KHX Mmpe 
Menax (I—2%), BTO BpeMaA Kak cojep 
*xaHHe FeO xkose6eTca B mpesena: 
1,3—9,5%. 

J(u BbIACHeHHA 3aBHCHMOCTH (bush 
4YeCKHX CBOHCTB C€pMeHTHHOB OT HX XH 
MMYeCKOFO COCTaBa MpH3BeeH Mepecue 
BeCOBbIX COJepKaHH OKHCJIOB Ha aTOM 
Hble KOJIMUeCTBA KATHOHOB B CTNYKTYP 
HOH opMysie cepneutuna. Tlepecue 
NIpOM3BOMJICA MCXOZA u3 14 «6espo] 
HbIX» KHCJIOPOAOB B (POpMy Je CepreHTHH 
("*) c ucnouIb30BaHHeM JennTens, MOWIy 
4YeHHOrFO MpM MepecueTe MOJHbIX XHMB 
YeCKUX aHaJIM30B CepneHTHHOB (Tabu 
2). CrelyeT OTMeTUTb, 4TO BeNHUnH 
STOrO JeJIMTeMA, KaK NOKa3as Mepecue 
oxoo 30 xuMHYeCKHX aHamH30 
C€pMeHTHHOB, 3€MMCTBOBaHHEIX V3 JIMTE 
patyppt (*), w3MeHaeTcA B OUeHb ys 


KHX Tpeelax, NOSTOMY TIOrpelIHOCTb B OlpeeJIeHHH KOJIMYeECTBa KATHOHO 
MpH mMepecueTe YacTHbIX aHaJIH30B Ce€PNeHTHHOB He3HAUHTeJIbHa HW ClO MOKH 


mpeHeOpeub. 
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Ha [varpamMax 3aBMcuMocTH yJenbHOFO Beca H CBETOMPeJIOMJICHHA cep- 
€HTHHOB OT COJep2kannA B HUX Fe** y Al sce Toukn (3a ucKsOUeHHeM JByXx) 
(OKATCA B OCHb Y3KOM HMHTepBasie. Ha AuarpaMMe 3aBHCHMOCTH 3THX Ke KOH- 


ct 
a 


2+ 
TaHT OT cOflepxKaHuaA Fe** (puc. 1) rouxu pacnomaratorca B JocTraTouHO WH- 
OKOM HHTepBasle, TO NOSBOJIACT BLIABHTb HeEKOTOPbIe 3AKOHOMePHOCTH. 3yecb 
be os 3S 
OTOPOe MOXKeT OBIT BbIpakKeHO SMNMpPH4eCcKOH dopmywon: 2,59 + 0,16 Fe", 
PH STOM BeIHYHHA Ye/IbHBIX BeCOB CepMeHTHHOB ABJIAeTCH B mpeqenax 
aKOBOH WIA XpH3o- 
qua, aHTHrOpuTa uceprio- 
C yBeauueHHem cojep-~ 
aHua Fe?" npoucxoyur 
| 
HBETOINPeCJIOMJICHHA BCeX 
ppex pas HOBHJHOCTEeH Cep- 
I 
4aBHCHMOCTH = pacnovlara- 
MebHO [pyr Apyry. Va- 
¢ePeCHO OTMETHTD, TO Ipu 
l 
bBeTOMpesIOMsIeHHe XPH30- o 0 “0 0 40 bec 70 Fe) 
WJI-acOecTa ABJIAeTCA HaH- 
Puc. 2. CpaBHeHve CBeTONPeIOMIeCHHA CepMeHTHHOB UM XJIO- 
avOOJIbINHM, a cepmo- aHTHPOpuT, C— cepnouT, x — xpu3orTus-acbect 
uTa — TmpOMexKYyTOUHBM. 
TBO OODACHACTCA OOee Ph{XIOH TPpyOOuHOM cTpykKTypOH Xpu3oTHIa, 10 cpaBHe- 
MIO C AHTHTOPHTOM, a Tak>Ke, MO-BHMMOMY, CMeIllaHHbIM XPH30THI0-aHTHrO- 
Il[Ber cepmeHTHHOB Tak?Ke 3€KOHOMepHO MeHAeTCA C YBeJIMYeHHEM COlepKa- 
Hua Fe?*. IIpH stom B XpH30THI-acOecTe MpOMCXOAHT MOTeMHeEHHe BOJIOKOH, 
epmodputa — OT cBeT0-3eleHOro JO yepHoro. CepnoduTsl yepHoro Beta c 
ofepxKaHvem Fe?*= 0,5 u BbIlle JHUIb B MeIKHX OOJIOMKaX MpOCBeYHBalOT 
Ha [WarpaMMe 3aBHCHMOCTH CBeTOMPeJIOMIeCHHA XJIOPHTOB OT COepxKaHua 
3 Hux Fe?*, 3aumcTBoBaHHou us paodorst JI. II. Cepmtouenxo (14), oruerauBo 
[MH XJIOPHTOB MW MOUTH CTPOro NapaebHO MoceqHHM (pHc. 2). Tlopprimen- 
i0€ CBeTONpPeJIOMMeHHe XJIOPHTOB, MO CpaBHeHMIO C CepleHTHHaMH, CBA3aHO, 
ia aJIIOMHHWM, 4eM, NO-BHAMMOMy, OOyCOBeHa H KOPpeHHadA MepecTpouKa cuo- 
icroH crpyKtypht. Ha AuarpaMMe He HaHeceHa TOUKa PpHHaHTa, YTO CBA3aHO 
lepaulie, OHaKO B CTOPOHY rpHHasuTa MmpoBeseHa SKCTPanOAWMA OT BCeX Tpex 
JASHOBUHOCTeH CepmeHTHHa. 
epMeHTHH — rpuHasMT, MpeAcTaBsioT M YMCTO MpakTuyeckuli uHTepec. CKo- 
WICHUA XAKUIOK XPW3OTH-acbecTa OOpasyIOT BMOHe KOHKpeTHbIe MecTOpoxK]e- 
THOLU@HHUA OKHCHOrO 2Kele3a K 3aKHCHOMY, ABJIAIOTCA CBOeCOOpasHbIMH HMHIH- 
aTOPaMH OKUCJIMTe/IbHO-BOCCTAHOBHTEIbHbIX YCOBHH MMHepaslooOpas0BaHua 
Willa, a TakxKe B OTA/IbKOBaHHbIX CepmleHTHHUTaxX Ha paccTOaHHM Jo 50 M Hu 
Olee OT PYHBIX Tel, YTO MO3BOMAeT PCKOMeHJOBATb UX Kak JONOHUTEMb- 


aOwlolaeTca perk BCero HHeliHoe yBerM4eHHeE yAeJIbHBIX BECOB CepMeHTHHOB, 
OYHOCTH H3MepeHul OXN- 
IDUTa. 
TUeCTIIMBOe  yBeIHYeHHe 
| 
MeHTHHa, MIpH4eM JIMHHH 
orcA IIPHMepHO Mapau- 
i 
PHOM MH TOM Ke cocTaBe 
RS es puTop{Ha QMarpamme J]. II. Cepmtouenko 41a XOpuToB. a— 
JTMeveHHOe OOCTOATEJIb- 
DUTOBLIM COocTaBOM cepmoduros (*). 
aHTHPOpHTa WBeT H3MeHACTCA OT CBeTVIO-3eeHOrO JO TeMHO-3e/JIeHOrO, a y 
€MHO-3eJICHbIM I[BeTOM. 
3H1HO, UTO JIMHHH 3aBHCMMOCTH H3YYeCHHIX CePNeHTHHOB PpacMOwJarawrca HMKe 
‘ak BHJIHO 43 WMarpaMMbl, C H3OMOPHbIM 3aMellleHHeM B TeTpasqpax KPeMHUA 
- OTCYTCTBHEM B JMTepaType MOcTaTOUHO OMpeAeseHHbIX HaHHbIX 06 9TOM MH- 
B 3akr1oueHHe OTMeTHM, UTO ONHCaHHble CepMeHTHHbI, OTHOCAIIIMecA kK pay 
ua acOecta IV—V copra. )Kew1esucTple CepMeHTHHbI, HMeIOU\He HU3KHe 3HadeHuA 
15) OTM CepneHTHHb! HaGJOMalorcA JIMUb B PyAHbIX TeaxX INMTeHeTHYeCKOrO 
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HBIi IpH3HaK MpH MOMCKaX MeMHO-HHKeJIeBbIX MeECTOPOXKMeEHHH, He BbIXO, 
UHX Ha MOBePXHOCTE. ° 


Konpckul dunnan um. C. M. Kupoa Tloctynuso 
Akayemuu Hayk CCCP 15 III 1959 
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Hornzagn Akapemun nayrx CCCP 
1960. Tom 130, N 6 


MHHEPAJOTH 


vo 


A. B. PYJHEBA u T. SI. MAJIBILUEBA 
O COCTABE BAMKOBHTA 
(ITpedcmasaexo akademuxom H. IT. Bapdunom 21 VIII 1959) 


Tak Ha3bIBaeMbIli KOPHUHeBHIii MUHepas, mO3qHee Ha3BaHHbI K. X. Tarn- 
poBbIM OalikoBuToM (',”), HeOJHOKpaTHO yMOMMHasca B JIMTepaType pu onu- 
CaHHu qasoBoro cocTaBa CHJIMKaTHbIX THTaHOBbIX WwiakoB. Mabie pa3Mepbl 
KpHCTaJWIOB OalikOBuTa, ero TeEMHO-Oypaa OKpacKa H TOHKHe MpopacraHHsA B CTe- 
_kujle, THTaH-aBrTe H MeJIMJIMTe OTOe BPeMA MpeNATCTBOBaJIH HaflexKHOMY XH- 

MHKO-MHHepaJlOrnyecKOMy JHarHOCTHpOBaHHIO 3TOH (pasbl. 

BnepBble HCCJleqOBaBlune MMHepaslOrMyuecKHt COCTaB CHJIMKaTHbIX THTaHO- 
BbIX IaKOB, MOJIYYCHHbIX MPH MWaBKe THTAaHO-MarHeTHTOBbIX py Ha Ypaib- 
CKHX 3aBoax, ®. B. CepomaTuuxos (*,*) u A. E. Masaxos (°) npuunmator sty 
HOBy!lO (ba3y 3a Oa3aibTHYeCKy!O poroBylo OOMaHKy. JI. I]. Tpuroppes (4), 
MCCJIeMOBaBLIMH Te xe CaMble WWaKH, YKa3bIBaeT, UTO NOXOKaA Ha amcu6on 
MHHepaJibHad (asa Ha CaMOM Jevle ABJIA€TCA TOHKHMH NpopacTaHuAMM MHMpOK- 
ceHa B CTeKJIe. 

IIpucytcTBHe HOBOH WwaKOBOH cba3bl —«KOpHUYHeEBOrO MMHepasa» BrepBple 
KoHcTaTupyetca B paOote 9. B. Bpuuxe, K. X. Tarupopa u VM. B. UlManen- 
Koga (’). OTOT MHHepas Oblsl COHapy2KeH B COCTaBe TeX 2Ke CAMbIX IJIaKOB, M0- 
JYUYCHHBIX MPH OMbITHOM JOMeHHOM WwaBkKe THTAHO-MarHeTHTOBbIX py Ha Bep- 
XHe-Typnuckom 4 HyxKue-TaruibcKoM 3aBogax. CoracHo JaHHpiM A. B. Pyz- 
Hepo (7), «KOPHUHeBbIN MHHepaJi> KPHCTaJJIM3yeTCA H3 WwIaKOBOrO paciwiaBa 
MepBLIM (mpH TemMnepatype nopsfKa 1500 — 1600°) u uMeeT Buy pe3KO mueo- 
XPOWUHbIX B KOPH4HEBO-OypbIX TOHAX HPOJIbYaTHIX HW TAOMMTYATHIX KPHCTAJVIOB. 
V3 conocraBsieHuii MHHepaJbHOrO WM XHMMYeCKOFO COCTaBa aBTOpbI padoTer (*) 
JlealoT BLIBOL, YTO HHB3IIIMe OKHCJIbI THTaHa B HCCJeAOBaHHbIX WwaKax cocpe- 
JOTOUeHbI B OCHOBHOM B «KOPHYHEBOM MHHepaie». 

OntwyuecKHe KOHCTaHTb! «KOPHYHEBOrO MUHEepasla», a TaKKE HEKOTOPbIe Co- 
oOpaxKeHHA O COCcTaBe HM yCJIOBHAX OOpa3s0BaHHA STON Ca3sbl Jaee NpUBeeHbI 
B padotax B. B. Jlanuna (*) u ZI. C. Benankuna, b. B. Vsanosa u B. B. Jla- 
muna (°). B pa6ote (®) yKa3biBaeTCA BeJIMYHHA NOKasaTeA MpeOMIeHHA TH- 
TAaHCOJep Kalllero «KOPHUHEBOFO MHMHEPasa» H3 LJaKOB ONITHOM JOMeHHOM maB- 
KH THTAHO-MarHeTHTOBbIX py (“): Ng = 1,778; Np = 1,764. B pa6orte (°) npu 
ONMCaHHH pe3ysIbTaTOB HCCJeOBaHHA TeX 2%Ke CaMbIX THTAHOBBIX IaKOB yKa- 
B3bIBACTCA, UTO TAOHUKH «KOPHYHEBOTO MHHepaJa» C MJIe€OXPOH3MOM OT TeMHO- 
ro ceposato-cuHero no Nz, no cBeT0-6yposatoro 10 Np MMeIWT NOJO*KATEIb- 
Hoe yJWIWHeHHe, pAmoe oracaHHe 4H CBeTONpeJIOMJeHHe, paBHOe NO 
Nz 1,768 + 0,002 uno N, 1,754. KoneOanua B CBeTOMpeOMIeHHH «KOPHUHeBO- 
TO MHHepasia> AaBTOpbl OOBACHAIOT H3BECTHbIM HEMOCTOAHCTBOM eFO CcOCTaBa. 
Ha ocHOBaHHH MHKPOCTPYKTYPHbIX JaHHbIX ABTOPbI [ealOT BbIBOA, YTO «KO- 
PHUHEBI MHHepas» BbIAeAeTCA NosqHee Havalla KPHCTaMNM3alHH MeJIMIMTA, 
TaK KaK COJlep2xKHTCA OH TOJbKO B NepuHsepHuecKHxX YaCTAX KPHCTAJIJIOB Me~ 
JMIMTa HB MpOMexkyTKaxX Me@?K]y HHMH. é 

Bonee JleraibHoe ucculeqOBaHHe «KOPHYHeBOrO MHHepaa», WIM OaKOBuTA, 
mpeampuuatoe B Mucrutyte Metasyprun AH CCCP (1,2), MO3BOJIHJIO BbIABUTH, 
UTO CBETOMpeOMMeHHe OalikOBMTa HMeeT MOCTOAHHOe 3HayeHHe. OnpeseseHua 
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nokasaTeseH MpesOMIeHHA OalKOBUTa C MOMOMLbIO MMMepCHH UH CIIlaBOB Obl 
IpOH3BeeHbI AIA TpeX WaKOB, COMepxKallUX OO/IbUOe KOJIMYeCTBO THIMYHBIX 
KPHCTaJWJIOB STOFO MHHepasia: OHOrO 3aBOfcKOrO WWivlaka, NOJlyYeHHOrO MpH 
NOMeHHOM mMuiaBKe YpasIbCKHX THTaHO-MarHeTHTOBbIX Py, H AByX CHHTeTHUe- 
CKUX UWIaKOB, MOJIYYeHHbIX B YCJIOBHAX, TOUHO OTBEUAIOWLMX PeaJIbHbIM YCJIO- 
BHAM OOPa30BaHHA 3aBOACKHX LWIaKOB. 

OnpeeseHue nmoKa3aTeselt MpeIOMIeHHA MpOWSBOAMOCb B MucTuTyTe Kpu- 
ctamorpapun AH CCCP, npu Koxcyptayuu H. M. Mesanxounua. Pesyib- 
TaTbl H3MepeHH MOKa3aJIM, YTO BeMYHHA CpeHero MOKasaTe/A MpeOMJeHA, 
6alikosuta (Nm) crporo mocrosHHa mM coorBeTcTByeT BemHUHHE Np, = 1,807 +> 
~0,002. Bo 136exKaHve MOryllleli MpOH30HTH OLIHOKH MpeABapUTebHO ObIIO TIPO 
U3BeMeHO TUATebHOe H3Me/IbYeHHe MaTepHala; IPH 9TOM pacCYHTbIBaIM MOMy~ 
UWTb BO3MOXKHO Ooslee YHCTHIe CKOJIbI HCC/IeMOBaHHOrO MuHepada. Jasee MatTe- 
pHa Obit NOABeprHyT WeaxTpupyrupoBaHHb, H OMpeyeseHHA MOKasaTeseH mpe~ 
JIOMJICHHA MpOW3BOAMIMCb B HavOouee OGOrallleHHbIX OaHKOBHTOM dpaKkiHAX. 
Ojuako JlaxKe H IPH TAKOM TULaTeJIbHOM H3MeJIbYCHHH YaCTb KPHCTaJJIOB OAHKOBH- 
Ta IIpHCyTCTBOBaJa B BUJe CPOCTKOB C CHJIHKATOM H CTeKJIOM, T. e. OblIa OKpyKe- 
Ha TOHKOM CHJIMKaTHOH O6o0"KOH. TOHKOCTb CHIMKaTHOH OOOJIOUKH BOKpyr Oal- 
KOBHTa JlelaeT ee MOUTH HeE3aMeTHOH, OHAaKO ee IPHCYTCTBHe CHJIbHO CKa3bIBaeT- 
CA Ha YMeHbIIeHHH MOKa3aTeseli mpemoMieHuA. Tak, CBeTOMpeOM/eHHe HC- 
TbIX CKOJIOB OalikoBuTa Bcerga Sombie 1,786, Torqa Kak CBeTOMpeJIOMJIeHHe 
OaiikoBuTa, OKpyXXeHHOrO CHJIMKaTHBIMH OG6O0UKaMH, MOHMKaeTcH BO 1,75. 
BecbMa 61u3KHe K THTAHHCTbIM MMpOKCeHaM BeJIMYMHbE MOKasaTeJleH MpeJIOM-. 
JIGCHHA “KOPHUHEBOTO MHHepasia>, IpHBeeHHble B padorax (8,°), MemaloT Bepo-. 
ATHbIM TIpe{MosO*KeHHe, YTO B WaHHOM CJlyyae MOFIM ObITb 3aMepeHb! KPHCTaJ- 
JIbI “KOPHYHEBOFO MHHepasia» C OOOJOUKAMH THTAH-aBrHTa, TPyYAHO yJIOBHMbIMH 
MIpH MHKPOCKOMHYeCKOM HCCIeOBaHuH. 

IIpopegenupie T. A. Maspnuesol OnbITb! MO H3yYeHHIO MpOleccoB KpHcTaJ- 
JIM3aMM CHJIMKaTHBIX THTAHOBBIX IIaKOB MOATBepAMIM LaHHble Oosee paHHUx 
UccJleqOBaTeeH, H3JIOXKeHHbIe B padore (’), O TOM, YTO BbillaeHve U3 WNaKO-, 
Boro paciwiaBa OalikOBHTa MpefllecTByeT He TOJbKO BbIMaeHHIO CHJIMKATHBIX, 
MHHepasiOB, HO M OKHCHbIX (pa3 (MepOBCKHTa HM UWIMMHeIM). OTH AaHHble He COB-, 
NaqaoT c MpefcraBieHuimu apropos (°), KoTOpble Npesnouaranu, YTO KpHc-, 
TaWIM3aluA MeIWINTAa JOJDKHa MpeAWecTBOBaTb KPHCTaIM3aluu OalikOBUTa. 

Mexkjly TeM, OcoOeHHOCTH CocTaBa OalikOBHTa, a HMeHHO IIpHcyTcTBHe B ero 
KpucTaIM4ecKOH pellieTKe HOHOB TpexsapsAHOro THTaHa (Ha YTO yKa3bIBaloT 
Bce HccJleOBaTeH STOrO MMHepasia Ha OCHOBaHMM ero XapakTepHbIX adcop6- 
WWMOHHBIX CBOMCTB), Kak pa3 HW NpefonpeseAloT erO KPHCcTAa/M3alMiIo0 Mp BBI- 
COKHX TeMlepatypax (mopaqKka 1500—1600°), orBeyatoulmx Hauya/IbHBIM cTalHe 
AM BOCCTAHOBJICHHA UYeTHIPEXBaJIeEHTHOrO THTaHa JO TpexBasieHTHoro. UtTo Ka- 
caeTCA CHJIMKATHbIX MMHepasioB (THTaH-aBrTa HM MeJIMJIMTa), TO OHH BbiMaator 
M3 CHJIMKaTHOrO pacmiaBa B MOCeAHIOIO OUepeb IPH TeMMepaType, He Mpe- 
BbiiiaouleH 1300—1350°. | 

Xumuyeckni cocTaB OalikoBuTa MO MOcMeqHero BpeMeHM He Opi pacuucb- 
ponan. Aproppl padornt (’) orpaHwuMBaloTcd yKa3aHHeM, UTO HH3IIMe OKHCJBbI 
THTaHa OOpa3yior OcoObIlt THTAaHCOLepKallHH «KOPHYHEBbIM MUHepa», HMeCIOWH 
BLICOKyIO TeMepaTypy KpucTammHsaluu. B padote (°) yKa3piBaeTcA, 4TO «KO- 
PHUHEBbIN MHHepas», CyA NO OKpacke, OoraT THTaHOM H, CyAA NO Kome6aHuAM 
CBETOMPeJIOMJICHUA, HMeeT HeENOCTOAHHBIM CocTaB (TBepAble pacTBOppi). 

B padorax (',”) Ha OCHOBaHHM KOCBeHHBIX JaHHbIX — XHMHMUeCKOrO cocTaBa 
o6orallleHHbIX OaHKOBHTOM (ppakllHH M MepecueTOB XHMHYeCKHX aHasH30B Os: 
HOKPUCTAaJIJIMYeCKHX OaAHKOBHTOBLIX WIaKOB Ha MMHepasoruueckult cocraB — 
WaeTcA BepOATHaA CopMysia OalikoBura B Bue MgO -Ti,O . 

PaspaOorannaa T. A. Manpimeso MeToquka BbieneHua uncToH casnt Oali- 
KOBMTa M3 THTAHOBOFO CHJIMKAaTHOMO IllaKa JlaJla BO3MO2KHOCTb MpoBecTH XH- 
MHUeCKOe HCCIeOBaHHe STOTO MHHepasia M paccuHTaTb ero dbopmysy. Xumuye- 
ckoe HccJleqOBaHve OalikoButa Opiwio mpoBefleHo A. A. Porosckoli. Kak BuHO 
W3 IIPHBeeHHbIX JlaHHbIX (cM. TaO. 1), xHMMYeCKHM cocTaB OalikKOBUTa OKa- 
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( 


WevGueenc ey Al 


XuMuUeCKHH cocTaB OahKOBUTA 


NoNe 


KommoueuTb! THTAH-aBrHutTa 


IIlnapKa Ne 1 TinapKka No 2 
CoctTaB = 
IWUXTbI 
Oxucen nuaBok 1-f} xum. coc- | mom. | mow. xuM. co- | Mou. Mow. 
u 2-4, % Tas, % Kom. | coorn. | POPMY1a ) crap, % Kon. |cooty. | POPMysa 
2,0 2SiO» Nc) (28 228 1,9 2Si0Oeg 
iO, 20 14,16 140 42, TiO, Aes) 444 AD TiOe 
igO3 — 16,85 AAT 4 TizgOg 17,38 421 4 TizOg 
1,03 47 28,58 281 2,4 | 2Al2,03 28,0 2795 2,3 | 2Al.03 
gO 8 14,20 352 3,0 3MgO 14,47 360 a0) 3MgO 
aO + 30 Homo 278 DEA | 2CaO 15,5 276 Page) 2CaO 
aes | CO a MOORS | | | | 100,60 | | | 
Ta6Onuna 2 
Pacuer xumMuueckoro cocTaBa 6alikOBHTa Ha YCJOBHbIe KOMMOHECHTEI B MOMEKY- 


JIAPHBIX MpoweHTax 


M36piToyHble KOMMNOHCHTDI 


i,03, B HeM COJ/epxKHTCH elle 
aO, T. e. MHHepal mpejcTaB- 
bidet COOOH THTAHO-MarHe3HaJIb- 
HO-KaJI bIH€BO-aJIIOMHHHeBbIMCH- 
WiukaT coctaBa 2CaO-.3MgO.- 
moO, 11,0,- TiO;- 2SiO3. 
EMHCTBeHHOH = CHJINKaTHOM 
a30H, KOTOpas M0 cOcTaBy KOM- 
OHEHTOB MOXKeT ObITh CpaBHH- 
ac 6aHKOBHTOM, ABJIAeTCA TH- 
aH-aBrurt. CormacHo WeTaJIbHbIM 
eceqoBpanuam A. H. IlperKko- 
a (1°), B cocraBe THTAaH-aBrH- 
a MOXKeT MPHCyTCTBOBaTb JO 
0% cTpyKTYpHOH cocTaBJIAI0- 
ei CaTiAlSiO,, B Kkoropoi 
OHbI Tpex3sapayHOrO THTaHa 
S3OMOp(HbI Cc aJIIOMHHHeM, HU JO 
0% cocrasisniomel CaTiAl,Og, 
KOTOPOH HMOHbI YeTHIPeX3ap AL- 
HOO THTaHa H3OMOpP(pHbI C Mar- 
vem. OfHakO cpaBHeHHe COOT- 
HOIWeHHH KOMMOHeEHTOB OaliKO- 
BUTa C THTaH-aBrHuToOM axe LA 
STUX MAKCHMaJIbHbIX M10 cosep- 


Puce. 2. 


nNwaBKH 
CaTiAl,O, CaTiAlSiO, MgOSiO, | MgO(Ti, Al).0, MgO 
1 29,0 12,2 17,4 21,4 24,0 
2 29,4 11,5 ANG Uh 21,0 20,0 


aJICA 3HAYHTEIbHO CO%KHEe, YeM Mpesmomaranocb pauee (1,”). Kpome MgO u 


Kpuctaa unctoti (pasbt Oalikopura. Y Bel. 
300%, 6e3 aHaHsaTOpa 


*KaHHIO THTaHa WIeHOB M380MOpdHOrO pxAa NOKAasbIBaeT SHAYMTe/IbHO 6ou1ee 
BbICOKOe cOfepxKaHHe B HUX SiO, HU CaO u, cCOOTBeTCTBeHHO, OOIee HH3KOe 
coflep2KaHHe OKHCJIOB THTaHa HM MarHHs. [lonpirka pacueta OalikOBHTa Ha CTpyK- 


TYpHbIe cocraBsiomne, npuHatbe A. H. LperKoppi (1°) quid THTAH-aBruta 


(Ul 


THIDPEXBAJICHTHbIM H TpeXBaJICHTHbIM THTAHOM, oOHapyxXH1a 3HAYHTeJIbHbIM H30bI- 
TOK B OaMKOBHTe OKUCH MarHHA, aJIIOMHHHA UH TpexBaJIeHTHOrO THTaHa (cM. 
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Ta6u. 2). STO yKa3biBaeT Ha MpHHaliexKHOCTL OalikKOBHTa MO COOTHOLMCHHIO KO 
MOHeHTOB K rpymne OpTOCHJIHKaTOB. 

TIposeqennoe M. C. Mojlenb peHTreHOBCcKoe HccIeqOBaHWe XHMUYeECKH 4M 
THX KPHCTaJJIOB OalikOBUTa Tak2Ke MOKa3asIO 3HaYHTebHOe pacxoxAeHHe DJ 
6aerpamMbl GalikopuTa c JeOaerpaMMoli TuTaH-apruta (puc. 1, cM. BKJIeH! 
K-CTpestS22): 

TlanHble peHTreHOBCKOrO HcceqOBaHHA, a TakxKe NeTporpaduyeckoro & 
cjleOBaHHA MOHOKpHcTaWI0B OaliKOBHTa MO], MAKPOCKONOM M OMHOKYJIApH 
mynolt yOex ator B TOM, YTO STOT MMHepadl KPHCTaMH3yeTCA B HMSUIMX CHHT 
HHAX (MOHOKJHHHOM WIM TpHKAMHHOM). OrpanwueHuaA KpucTam0B (pHc. 
lOKa3bIBaloT OTCYTCTBHe WeHTpa cumMetpuu. IIpocrbie dopMbl mpescTaBwet 
MOHOSpaMH, BO3MOXKHO B KOMOWHALMH C LH9LpaMu WIM rTpaHAMH pOMOHUECK! 
mpu3mer. Mcxoxa u3 9Toro, MOKHO MpesnOaraTb, YTO OaHkOBUT KPHCTaJ 
3yeTCA JIHOO B HeMmOJIHOrpaHHOM Kslacce CHMMeTPHH MOHOKJIMHHOM CHHTOHMH (PF 
MMeeTCA WIM OCb CHMMeTPHH BTOpOrO NopsAKa, WIM MJIOCKOCTb CHMMeTPHE 
M60 B HeMOJIHOrpaHHOM KJlacce CMMMeTPHH TPHKJIMHHOH CHHIOHHH (re 9 
MeHTbI CHMMeTPHH OTCYTCTBYIOT). 

3akmwueHHe. B pesyabrate mpoBeleHHEIX UccieqOBaHHH 4YHCT 
tba3bI OalKOBUTA, BbIAeCJICHHOH H3 CHJIMKAaTHbIX THTAHOBbIX LI1aKOB, OblIO Y, 
TaHOBJICHO, UTO OaHKOBUT ABJINETCA THTAHO-MarHe3HaJIbHO-KaJIbI{HeBO-aJIIOM 
HH€BbIM OKCHOPTOCHJIMKaTOM COCTaBa: 


2Ca0o3MgO»+2A1,03¢TiO,@TigO3¢2SiOz. 


Ecm JOmycTuTb, 4TO YeTHIPeXBaJICHTHbIHM THTaH MOKeT ObITb H30MOpPeH | 
MarHHeM HM TpeXBaJIeHTHbI THTaH —c asiomuHveM (1°), dopmMywly OalkoBH; 
MOXKHO MIpecTaBHTb B CleAyIoOuleM Bue: 


Cay (MgeTi*#) (AleTi+®)> (SiOg)2+ Oe. ) 


i 


Paciiudpopka: peHTTeHOCTpyKTYpbl STOFO HOBOrO cOeMHeEHHA, urparoule 
BaXKHYIO POJIb B COCTABe CHJIMKaTHbIX THTAHOBbIX WWaKOB, OJIKHA ABJIATLCA 3 
faveli JasibHeviwMx UcceqoBaHHul. | 


Tloctynuso 
20 VII 1959 | 
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Hornxaye Akagemun nayrx CCCP 
1960. Tom 130, Ne 6 


MHHEPAJIOTH A 


B. H. CHMOHOB u akanemux H. B. BEJIOB 
KPHCTAJIJIAUECKASA CTPYKTYPA JIOBEHHTA 


JIOBeHHT B W3BeECTHBIX CMpaBOUHBIX w3faHHAXx (1,2) OTHOCHTCA K rpynme 
4He30) (OPTO)-CHIMKaTOB CJIOxKHOrO cocTaBa c ob6mel dopmyso Bua 
AsB [SiO,],(O, F, OH), rae A= Ca, Na un B=Zr, Ti, Nb. O6pnexrtni name- 
ro HCCJleOBaHHA — KpuCTaJJbI MOBeHHTa u3 JloBosepcKoro MaccuBa C MOBBI- 
WICHHbIM CosepxaHvem Ti (THTaHONOBeHUT) — omyueHb! or E. WM. Cemenosa, 
KOTOPbIH B COOTBeETCTBHH c aHasu30om M. E. Ka3axopol maeT fia HUX pas- 
[RePHYTyI0 cbopmy.Jly: 
| 2-+-+ 3-++ 4 -} 
Naj,23Cao,94MMo,33F €9,20F €5 11 T io,26NDo,09ZTo,73 [SiOu]e (F, OH) (*). 


| JlaysrpaMMbI M BelceHOeprorpaMMbl COeBLIX JIMHMH 0 ocam b uc (Mo- 
-¥3slyueHHe) NOATBEPAAIH MOHOKJIMHHOCTb JIOBCHHTa C rosmosqpuyeckoi cbepo- 


poscKkoi rpynnol C3, = P2,/a, ofHo3HauHO ompefemsemoli no 3aK OHOMEp HO 
moracarulum pedsexcam. Ilapametppr a = 10,54° A, 6=9,90 A, c=7,14A, 
| 8 = 108°12’ cormacytotca c mpexHMMH JaHHbIMy (1,”), ecaM yuecTb cymlect- 
BeHHOe yBeJIHYeHHe KoOuIMYecTBa Ti B THTaHOJOBeHHTe. B sauelike cofepxuHTCA 
n-~A4 (OpMyJIbHBIX CJMHHIUbI yKa3aHHoro coctaBa. Hecmotpa Ha opTocusn- 
KaTHbIM XapakTep BaJIOBOH (pOpMyJIbl, HAMM ewe paHee (*,°) Obla Mpewnomox*Ke- 
Ha CTpyKTypHaaA OyH30cTb BCeX MHHepasioB rpynnmbl JIOBeHHTa — BeslepuTa K 
Ca-uoptocuauKaty KycmuyuHy Ca, [Si,O,] Fe (°). 

IlonHaa cTpykTypHaA pacwindpoBka JIOBeHHTa BbINMOMHeHa MeTOJOM cynep- 
MO3HIMH MaTepcOHOBCKHX mpoekuni. AnanH3 p (x, y) u p (x, 2) UcKIOUN BOS- 
MOXKHOCTb pa3MellleHHA KATHOHOB B ILeCHTpaX CHMMETPHH MOSTOMY C KaxKAbIM Oa3Hc- 
HbIM aTOMOMB (Xx, Y, Z) CHMMeTpHeH CBA3aHbI elle TPH aTOMa; H 9Ta YeTBEpKa aTO- 
MOB OlIpejlesIAeT HETPHBHaJIbHbIe NaTepCOHOBCKHe MHKH C KOOPAHHaTaMH H BecaMH: 
M2 x,-2y, 22—Z* 2) (2x; 29, 22) —Z*, 3) (le, 4+ 2y, 0), 4) (ve + 2x, 1/2, 
2z) —2Z?. IIuku c Becamn Z? COOTBETCTBYIOT BEKTOPaM MeK ly ATOMaMH, CBA3AHHBI- 
MH ItCHTPOM CHMMeTPHH H HavOovlee MepCieKTHBHbI B KaYeCTBe HCXOJHBIX B CyMep- 
TlO3HI[MOHHOM Metoje(*). lia pa3bIcKaHHA TaKHX MHKOB Ha NaTepCOHOBCKOH Kap- 
Te MOsle3HO 2/IeEMeHTapHOe COOTHOIMeHHe: CyYMMa H pa3HOCTb BeKTOpOB 3) H 4) 
(B ~2 pa3a OombwiHx NO Becy) MaloT HYKHbIe BeKTOppl. Km04OM K CTpyKType 
JOBEHHTA NOCYKUa MpOeKUMA BOMb KpaTyYalieli OcH c, T. e. p (xX, y); Ha 
He yaocb OTbICKaTb Ba mHKa THNa |) u 2) HM OCyUeCTBHTb NO HAM MHHHMa- 
avgauur1o. Hannune 9JIeMeHTOB CHMMe€TPHH CO CKOJIbxKeCHHEM MO3BOJIHJIO M0- 
CTPOHTb MO pe3sysbTaTaM NepBbLIX MHHHMaJIMSallul Be pyHKuHH M, (x, y) H Aa- 
lee, COBMellaa mociequve, momyuuTh Mg (x, y), 43 KOTOPOM Opi HSBJIeUeHBI 
ATOMHbI€ KOOPAMHAaTH AVIA UCXOAHOM mOcKOH MOgeM crpyKTypbl. Ha mpoek- 
IMM JlelicrBUTeIbHO BbIABHJIacb AuMoprorpymna Si,O, c ocbio, NapaJeubHOH 
HanmpaBsleHulo MpoekTHpoBaHus (c = 7,14 A), H BecbMa TOUHO MepeKpbIBalollne- 
CA KaTHOHHbIe OKTa2Ipbl 43 GeCKOHeCYHOM YeTBeEPHOH JIeHTbI, KOTOPad Mpocrn- 
PaeTca TakxKe BJO/Ib C M MOXO*Ka Ha JICEHTY B KYCIMAMHE. YrouneHue Ocyulect- 
BIIANOCb OOLIMHbIM MeTOJOM MOCJICLOBAaTeJIbHBIX MIPOeCKIUMH IJIEKTPOHHOH MVJIOT- 
Hoctu. IIpu u3BecTHBIxX X- H Y-KOOpMuHaTaxX BCeX aTOMOB, paSbICKaHve Ha Ma- 
TepCOHOBCKOH KapTe p (X, Z) HCXOQHbIX JIA MMHHMaJIM3aIHH MMKOB He lpey- 
cTaBiano Tpyqa. Ilo My (x, 2)-byHKUHH Obi OMpelemeHbI HCXOAHbIe AIA yTOU- 
HeHMA Z-KOOPAMHAaTH. SaKJIOYHTebHbIE MPOeKWMH S/IeKTPOHHOM MVIOTHOCTH 


nopeHuta mpuBesexpt Ha puc. |. 
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CrpyktTypa JIoBeHuTa sBAeTCA ellle oMHOH uusmMOcTpaltuel use «Brope 
8) B KOTOPOH ONpefeAIOWLyIO POb H 
rylaBbl KPHCTaJWIOXHMHU CHIMKaTOB» (°), 


oy 


paer COH3MepuMocTb peGep Na-, Ca-OKTa2ApOB C BbICOTOH ise chal Sie 
Kak wu B kycmugune (°), OCHOBHDIM CTPYKTYPHBIM MPHHIUMIOM JOBCHHTA, bul 


Puc. 1. SaksHOUNTeIbHBIe MpOeKUMM SeEKTPOHHOM NMOTHOCTH JIOBECHHTA- V30mmHHu MpoBezey 
uepes 8 an/A?. A— o(x, y), B — 9%, 2) 


IOTCH YeTBeEPHbIe SO€CKOHCUHEIe JICHTb! U3 KaTHOHHbIX OKTa2{poB. Mx B3savMHt 
pacnojoxeHve B CTPyKType NoKasbiBaeT puc. 2, Ha KOTOPOM JIA OOJIbIME 
ACHOCTH KHCJIOPOJHbIe OKTAIIPbI B KOJIOHKAX NOMellleHbl! TOUHO OAMH Hal Apr 
THM, XOTA KOOPAMHAaTH MepeKpbIBalOlWlH4XCcA aTOMOB O HeCKOJIbKO pa3JIH4H 
(ra6n. 1). B nowpte crBoubr;Mexkly JIGeHTaMH BMOHTHPOBaHbI M0 Be JHOpTorpy} 


Ta6auna ft 


Koopyunate! 6a3HCHEIX aTOMOB mOBeHHTa (B WONAX Ocelt a, b, Cc) 


ATOMBI x y z ATOMBI x y 2 
Zr 0,204. |. 0.4050 4 50,0245 | Os 0,250 | 0,241 0,800 
(Fe, Mn) 0,237 0,376 0,856 | Oy 0,163 0,483 0,180 
Na 0,425 | 0,376 | 0,343 Vv | 
Si, 0,123 | 0,334 | 0,223 | Ovr 0,480 | 0,223 | 0,098 
Six, 0,117 | 0,334 | 0,667 | Ovyyy 0,484 | 0,239 | 0,670 
O; 0,430 | 0,334 | 0,443 | Ovi 0,1tO ty 01010. ol Oa 
Oi 0,238 0,241 0,497 | (Fa OR) 0,120 0,005 0,423 


bl, KOTOPble CUBHTalorcaA M0 BbICOTe C TAKUM OOPa3OM, YTO OHH ClleMIAeTCH 
BePTHKaJIbHbIMH PeOpaMH TPeX OKTaIPOB BOKPyl KPYyMHbIX KaTHOHOB. 

Crpyktypa onpegenserca 45 napamerpamn mpu 60 aromaxs syelike. B uuca 
Oa3HCHBIX aTOMOB BXOJsT, KpoMe 2Si u 9 aHnoHoR, ellie 4 KaTnona. B kycnMquH 
MX MO3HWMM 3aHHMaloT 4 Ca, B3aMe€H KOTOPbIX B JIOBCHHTe MbIl HMeeM: 


oe aps 
Nay ,93Cao, gang, s3F €o, a0 0,411 10,26 Do,09ZT 0, 78+ 


Bonpoc 0 pa3mMeuleHum 3THX KaTHOHOB m0 4 KpHcTaJJlorpadpuyecku He3aBicr 
MBIM NO3SHUMAM IpeCTaBsAeT CAMOCTOATeCbHbIN MHTepec. CoOTHOLIeHHE BBICO 
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MaKCHMYMOB Ha o(X, y) H o(x, 2) NOsBOMMeT YTBepxaTb, uTO Bech Zr (Ze 
= 40) CocpeNOTOUeH B ORHOH NosMMH, WBe 3anaTH Na u Ca, npHyuem B O]l- 
HOH H3 HUX, BEpOATHO, uMeeTCA sb Na, Bce OCTaJIbHbIe KaTHOHbI CKOMIA- 
foTCH B veTBepTOH nosuuMH. Zr B NOBeHHTe 3aHHMaeT 4-KpaTHoe TosOxKeHLe, 
HO Ha AveHKy HMeeTCH TobKO ~ 3 atoma Zr. Kak noka3aja pacwimcbposKka 


Puc. 2. Iman crpyktypbl JOBeHuTa B mOmMampax 


CTpyKTypbl celijoseputa, Mp HasMunH Mn umeer Mecto u30MopdHoe 3amelle- 
Hue Zr THTaHOM (*). Ecam oOpatuTbca K XHMMYCCKOMY COCTaBY _ THTAHOJIOBe= 
HUTA elle M3 OMHOTO MecTOpoxKeHHaA (8): 


NayesCag ou Ming yea iy Lines NDo,opZ' 0.08 [SiOg]s (F, OR), 


TO CPaBHeHHe, JCHCTBHTEIbHO, NOKA3bIBaeT COracCHOe H3MeHeHHe KOJIMUeCTB yTi 
u Zr Cc COOTBETCTBYIOWUM BO3pacTaHHeM KouHUecTBa Mn. Ecan npeanosoxKutp, 
YTO B HallleM cuTy4ae (Zro,73, Tio,e¢) 3AaHHMaIOT OMHO MecTO, TO B (Mno,33, Feo,g1, 
Nbo.o9) upHgzeTca sBBectu 0,25Na unu Ca. B azpyrom Bapnante pa3smMemenna 
KaTHOHOB, COracylolleMcA C BbICOTaMH MMKOB Ha MpOeKUMAX, K KaTHOoHam Zr 
qobapnaetca Ca, Torna Kak Ti oObequHaetca c Mn u Fe. Atomupie Homepa 
Ti u Ca 6nusku (22 uw 20), a Tak Kak pe¥b uJeT O NoOaBKax K Zr (Z = 40), 
TO P€HTTCHOBCKHH MeTOJ, C BHU3yAaJbHOM OMeCHKOM MHTeHCHBHOCTeH He I03B0- 
HeT ClesaTb OAHO3HAYHDIM BLIOOp Mex AY ABYMA BapMaHTamu. PaccunTaHupilt 
no Bcem (148) HeHyseBbIM CTpyKTyPHbIM amnuimTygqam AOL dhaxtop pacxopumo- 
ctw pape 20,5% ama nepporo u 20,0% gas Broporo BapuaHTos. IIpoekiua 
o¢ (x, y) M3-3a OuTH TOUHOrO NoMmapHOroO NepeKPbITHA KaTHOHOB elle 
MeHee IIpHroyuHa JIA paspelieHHA MJIEMMBI, XOTA JIA Hee dakTop 
pacxoqumoctu papen 12,1% (HeHyseBbIx ARO 171). Takum o6pa3o0m, Hadop 
WHTCHCHBHOCTel TOJbKO C JIBYX CJIOCBLIX JIMHHH MPH BH3yaJIbHOM MX OLleHKe 
He NO3BOJACT PelIHTb BOMpoc OMHOSHayHO HM MosTOMy Ha puc. 1—3 HUB 
Ta6n. 1 Kaxklad 3aHATAA MO3HUUA OCOO3HaYeHa CHMBOJIOM TOrO aTOMA, KOTO- 
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pbiii urpaeT OCHOBHYIO POJlb B CO3qaHHH Zog COOTBETCTBYIOIero «ycpeqHeH 
HOrO aTOMa». 

Ha puc. 3 noka3aH MOTHB 3aCceJIeHHA OKTAS{POB B JIEHTaX Pa3JIHYHbIMI 
KaTHOHamMH. B KarxxkOH M3 4eTbIPeX O€CKOHEYHbIX KOJIOHOK JICHTbI OKTA9SAPE 
‘CUEMIAIOTCH OOULMMH (TOPH3OHTAaJIbHbIMH) peOpamu. B HapyXHbiX KOJIOHKAaX JI€H 
Tb yepenyrotca Zr- u Ca-oKTadpbl 
BO BHyTpeHHux — (Fe, Mn)- u Na-oxta 
appl, mpHuew (Fe, Mn)-okraspppl 
COCeJIHHX KOJIOHOK COeIMHeHbI B apr 
c o6mumM pe6pom. [IJox00HbIe KOJIOHKI 
M3 OKTa3pOB XapakTepHbl JIA pay 
pacluMdpoBaHHbIX B MocweqHHe TOE 
cTpykKtyp. Byomb KOJIOHKH OOBIYHO Yepe 
JLyIOTCA KPYMHbIM OKTasZp co cpeHHM 
WM COOTBeETCTBYIOWMH JBYM OKTa9pa 
lepHo, MOBTOpseMocTH cocTaBAeT ° 
jopenute 7,14 A,B cugosepute 7,10 A 
B KyclWyuHe, rye 00a oKkTasfpa 3a 
celeHbl Kpynubimu Ca, 7,53 A. 

Pacctosuua Si—O B quoptorpynn 
He BBIXOAAT u3 Mpegenos 1,55 — 1,67 A 
B Zr-oKTasmpe 5 pacctosHui Zr—( 
199—2,05 A, mecroe 2,19 Asam 
(Fe, Mn)-oxtasfpe: 2,07 —2,31 A 
pce 12 [pacctosHuli KaTHOH — aHHo! 
B Na- u Ca- oxTasqpax B mpejena: 
2,10 — 2,62 A. , 

Ucxoaa u3 KpucTasmMueckolt cTpykK 
TYPbl JIOBCHHTA H CKJIOHAACh K MepBO 
My H3 JByX pasoOpaHHbIX BBILUe BapH: 
aHTOR pa3MeLLeCHHA KATHOHOB, MbI lipeyiia- 
TaeM pa3sBepHYyTYytO XHMHUeCKyI0 (popMyvly ero mucaTb BBE: Nao,97 (Cao,7o Nao, 26) 
(Feo, 31Nbo,o9Mno,s3Cao,4) (ZTo,231 io,2¢) O(F, OH) [Si,Oz] ¢ octpopamu (He30CcH- 
JukatT) Si,O,;. Bocbmoi O He BxOJMT B KP€MHEKHCJIOPOAHbIN payuKas, T. e. 
urpaeT pOJlb, aHaslorHuHy!o WeBaATOMy aHHoHy (F, OH). IIpu mepecuete xumu- 
yecKoro aHaiH3a B (°) MCXOHBIMM ObIM 2Ba aToma Si, M He3HauHTeJbHbIA 
ReHUHT KaTHOHOB MOKeT ObITb OObACHEH HeyyeTOM Uu36bITOUHOrO SiO,. CKom- 
JleHHe B OJHOH MO3HUMH Hapafy c Fe, Nb, Mn taxxe ~ 24°/) KpynHbIx Ka- 
THOHOB Ca HCKaxKaeT CTPyKTYPy, HW 93TO, BepOATHO, HaXOMT OTpaxKeHHe B 
KOHCTaHTax TeMlepaTypHoro (bakTopa, KOTOpble ObIIM NOMyYeHbI Ha 3aKJItO- 
“MTeJIbHOM 9Tale MpH CpaBHeHHH 9SKCIepHMeHTaJIbHbIX VM BbIUHCJICHHBIX HHTeH- 
cupHocteH. J] mpoekuun o(x, y) Boob oceH Kak AuOpTorpymn, Tak M KO- 
JOHOK 43 OKTa3qpoB B pasuo 0,87 A*, torga Kak Aaa o(x, 2) B=1,35.48 
Jlerko ceOe NpeACTaBHTb, YTO BECbMa 3HAYHTebHOe YBeJIMYeHHe KOHCTAHTHI BO 
BTOPOM CJly¥ae CO3qaeTCA OOABOUHBIMH K TeIJIOBbIM KOJIeEOaHHAM CTaTHYeCKH- 
MH OeCNOpAOUHbIMH CMeLI,eHHAMHM ATOMOB (C CYLIeCTBEHHO pa3JIMUHbIMH palny- 
‘CAMH) BJOJIb KOJIOHOK H3 OKTAdLpoB. 


Puc. 3. 3acemeHue OkTadqpOB JICHTEI pa3- 
JIMYHBIMH KaTHOHAMH 


MuctutyT kpuctTanmorpadun Tloctrynuto 
Axkagemuu Hayk CCCP 7 XII 1959 


UMTHPOBAHHAS JIMTEPATYPA 


1A. T. Betextuu, Munepanorua, M., 1950, crp. 719. 2H. Strunz, Mine- 
Talogische Tabellen, 1957, S. 273. %E. HW. Cemeuos,M. E. Ka3axosa,B. H. Cu 
MOHOB, San. Bcecowsn. Mun. o6m., 87, Ne 5, 590 (1958). 4B. HU. Cumouos, 
H. B. Beaos, Kpuctannorpapua, 4, 3. 2, 163 (1959). 5X. C. Mamegos, 
B. MW. Cumounos, H. B. Benos, JAH, 126, Ne 2, 379 (1959). © P. ® Cmuap 
HoBa, WH. M. PymManwosa, H. B. Besos, 3an. Bcecow3x. mun. o6uy., 84, Ne 2: lee 
(1955). * B. H. Cumonos, Kpuctanmorpapua, 4, B. 3, 302 (1959). 8H. B. Be 
108, Muu. cOopn. JIbBosck. reon. o6ur., Ne 13, 23 (1959). *® H. B. Beno B, B. H. Cw 
MOHOB, JAH, 125, Ne 4, 888 (1959). 
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Woxaaye Akagemuu nayr CCCP 
1960. Tom 130, N 6 


MHHEPAJIOPH A 


A. H. CMHPHOB u A. M. TYWIHHA 
O HAXOAKE BTOPHUHbIX S®OCPOPHTOB B KAPATAY 
(ITpedcmasfeno axademuxom H.C. Mlamckum 10 1X 1959) 


IIpu usyyexuu muTomoruu docopuToHOCHEIX OTOxKeHHH MecTOpOxKJeHHA 
wKaHbI-Tac (xp. Masri Kaparay) Opi oOHapy2keHbI BTOPHUHbIe OOpas0BaHUA 
OcpOpuTOB, MO BHeIHeMy BAY pesKO OTHMYaloMeca oT doctopuTos, cuara- 
IMHX MIPOAYKTHBHbIe Nauk, HU OMM3KMe K NVIOTHEIM (bapPopoBHyAHbIM pasHo- 
aM docdoputos Ipysuu (}*) u K HaTeuHIM Pocoputam AntTonoso-J1unoBcKoro 
ecropoxleHua Ha Ypase (°). 

B reoJloruuecKOM OTHOWIeHHH MecTopoxyeHHe JKaupi-Tac mpuypoyueno k 
3KOH AHTHKJIMHaIbHOM CTpykKType, wro-3anaHOe KpbIO KOTOpOH onymeHO 
0 pervOHaJIbHOMy Hapyulenuio. Bprxoger docopuTHOH cepHu Ha JHeBHy10 
OBeEPXHOCTb HMMEIOTCH JIMIIb B C€BeEpO-BOCTOUHOM KPbII€ CTPYKTYPbI; B 1Oro-. 
lalaHOM KPpbiJie paSBUTbl AOJOMUTH! HW USBeECTHAKH BbIlleexKalleH TAaMAMHCKOH 

utbt. I]poqykTHBHble cJlIOH Ha MeCTOPOXKJeHHH MpelcTaBJeHb! MacTOBLIMH 
OcOpHTaMH 3ePHHCTO-OO/IMTOBOH crpyKTyppt (*,°). 
_ O6pa30BaHuA BTOPHUHDIX ChoctbOpuTOB MpOcTpaHCTBeHHO CBA3aHbI C BbIXO- 
MH Ha MOBepXHOCTb Nopoyd doctopuTHOK cepHu HW NpHypoOueHbl K MpOOJIbHbIM 
EKTOHHYeECKHM HapyUleHHAM. OHO HapyllenHe cpesaeT HH3bI POCHOpHTHOK cepun 
POPH3OHT HM2KHHX JOJIOMHTOB HM YaCTHYHO KpeMHeBYy!O MayKy), B pesyvIbTaTe 
ro (boctbaTH3uUpOBaHHble KPeMHH HelMOCpeACTBeEHHO KOHTAKTHPYIOT C H3BeCT- 
AKaMM 1OxHOrO Kpbiia JKaHbITaCCKOH CTPyYKTYPbl; BTOPpOe MpOXOMUT B Ce- 
PHOM Kpblie CTPyKTYPbI, B HW2KHHX TOPH30HTaX TaMJMHCKOM CBHTbI, M0 KOH- 
KTy ee c toccoputamn. 

Cpequ BTOpHuHEIX cpoctopHTOB BbITeAIOTCA CJleyIoulHe pasHOBHAHOCTH: 
Onokospudune docmopurTrsH. MnMewr nanOombuee pacnpocrpa- 
enue. Berpevaiorca B BUJe OTMe/IbHbIX IWIMTOK HJIM HeNpaBHJIbHbIX OOJIOMKOB 
a3sMepom or 2 Jo 7 cM B TpelllMHaX OTJeJIbHOCTeH KPeMHeH HIM COCTaBJIAIOT 
HOBHYIO Maccy leMeHTa B OpeKuMpoBaHHBIx KpemHsAx. Ilo BHEIIHeMy BUY 9TH 
OCOpHTH! MpeAcTaBJeHb! MIOTHOM OHOPOAHOH OMOKOBHAHOH NOposou c pa- 
OBMCTEIM H3JIOMOM, Oesl0ro, OpaHxkeBaTOrO HIM POSOBOroO IBeTa; perxke OKpacka 
Jlee MHTCHCHBHad — JO KAPMW4HO-kKpacHOH. Cyl0xeHb! OHH B OCHOBHOM (poc- 
aTOM CBeTJO-2KeITOrO HIM KOpPW4HeBaTOTO UBeTa, Ca0O NMOMAPHS3yIOILMM, 

cpe2HuM moKasaTesiem npesomieHua 1,613. B HesHauHTebHOM KOsMYeCTBe 
MeIOTCA HepaBHOMepHO pacceaAHHbie MeJIKHe BKJIOUCHHA KBaplla, YellyHKH 
PHILMTONOAOOHOrO MHHepasia, a Tak%Ke TOWCUHBI€ BKJIOYCHHA THAPOOKUCIOB 
ejlesa, OOYCIOBIMBAIOIINMe pasJIMYHY!O OKpacky (ocopHTos. 
 TouKonoaocuatne mocdopurTn. Berpeyaorca B Buse 
NOCKUX OOJIOMKOB M TOHKUX KOpOUeK cpelH ribiO KpemHa. B noBepXHOcTHOK 
ACTH OGJIOMKOB OObIMHO HaGulOflaeTcaA KOpKa, TOMLMHOK 0,5—1,0 cm, Oen0it 
eMOTHOL ONOKOBUAHOM MOpOsL, WeHTpabHaA YacTb MX MpelcraBsena Oypor 
HKOMONOCYAaTOH MOpOoli; K Ooslee TOHKMM KpaaM OOJIOMKa MOJIOCHI, CIMBaACh 
exy cOOOI0, BHIKIMHMBaloTcH. Belaa MOBepXHOCTHAaA YacTb O6JIOMKOB_ CO- 
fOHT H3 MMKPOKpHCcraMuecKOoro (pocata CBeTJIO-KOPH4HeBOrO IBeTa (Nop = 
-1,606—1,613), cpequ KoToporo B He3HayMTe/IbHOM KOJIMYeCTBE PacceAHbI MeJIb- 
4HIMe YACTHUbI KBaplla U CepHlUTONOAOOHOTO MuHepavla. LlenTpabHaa 4acTb 
jJIOMKOB CJIO%KeHAa TakxKe (ocaTOM, B OCHOBHOH cBOeH Macce MHKPOKpHCcTaJ- 
A4eCKOrO CTpoeHHA. OJHaKO B HEM HMEIOTCA OTJCJIbHbIC MCJIKHE (qo 1 MM) He- 
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paBHJIbHOH (OpMbl yUacTKH, COCTOsIMMe H3 OeclBeTHBIX IIpH3MaTHYeCKHX 
HTObUAaTLIX KPHCTaJVIHKOB allaTHTa pa3sMepom 70 0,005 mm. Bypaa oxKpac 
WeHTpalbHOl YacTH OGJIOMKOB OOyc/OBeHa THPOOKHCaMu xevle3a; TOHK 
nMomocuaTOCTh CBA3aHa B OCHOBHOM C HepaBHOMepHOCTbIO OKeJie3sHeHHA. 

MapraHuoBucTHhe mochopuTrn. Mmewr paspuTve B 30 
TEKTOHHYECKH paspYIIeHHbIX MOpOA Ha KOHTaKTe octOpHTHOH cepHu C MOKP! 
BalOULHMH ee JOJIOMHTAMH TaMAMHCKOM CBUTHI. OTevIbHbIe OOJIOMKM Maprakul 
BUCTHIX (POCOPHTOB, KpOMe TOO, ObiIH BCTPpeYeHbI B TEKTOHHYeECKHX OpeK4H! 
MO KOHTaKTy (oc(aTHBIX KPpeMHeH H H3BECTHAKOB 1O*KHOFO Kpblla CTPyKTYP 

OcHoBpHasd Macca MapraHUOBHcTHIx tocPopHTOB MmpescTaBJleHa PbIXJOH kK 
pHuHeBaTO-YepHOH MaxkylleH PyKH MaCcOH, B KOTOPOHM BCTpe4alOTCA OTeJbHI 
Oosee MIOTHbIE OOJIOMKH H CTAXKEHHA. 

PpixJiat pa3HOBHJHOCTb MapraHOBHCTEIxX CocopuTOB CJlaraeTcA MYO 
YaTbIMH H JVIMHHONpu3MaTHYeCKMMH KpHcTaJMKaMu cocdata pasMepom Jo 0,02 
0,04 mm. BombuilHHcTBO KpHCTaJIJIHKOB OeCIBeTHbIc, HO HMeIOTCH H OKpallle 
HbIe€ B KOPHYHeBbI WBeT. CpeqHHH moKa3aTeib NpestoMieHHA docdata 1,617 
1,629. B 3HauHTeIbHOM KOJIHUeCTBe IIPHCYTCTBYIOT arperaTbl MAKPO3epHHCTO 
KaJIbILMTa, HHTCHCHBHO OKpallleHHble C MOBeEPXHOCTH FHAPOOKHCaMH MapraHu 
HMCIOTCA @HHHUHbIe BKJIOUCHHA KBaplia. 

TInoTHbie CTA2KeHHA COCTOAT H3 MOUKOBHAHHIX HM Je@HAPHTOBUAHBIX CKOMJ 
Hu dochata, OKpallieHHOrO rHApOOKHCaMH MapraHlia. Bokpyr sTHX CKONS 
HHH HaGOLaeTCA OTOPOUKa H3 MeJIKHX HTOMbUATHIX HIM MPH3MaTHYeCKHX O¢€ 
IBeTHDIX KPHCTasJuKOB docdata (N.p= 1,623—1,624). Kaemxku, cHBaAc 
Me€CTAMH TOJIHOCTbIO BBITIOJIHAIOT IIPOMEXKYTKH MexKAy yYacTKaMH C FHAPOOKE 
JiaMH MapraHlia, B ApyruxX MecTaX HMeIOTCA MOpp. 

BpekuneBuaAHEe hWocmopuTty. Berpeyawrca B Tex xe N 
cTax, re H MapraHwosuctple Pocdoputpt. CocrosT OHH H3 MIOTHEIX YIJIOBaTI 
O6JIOMKOB Ceporo HH OypoBaTo-ceporo Beta pa3Mepom or 1—2 jo 5—10 ¢ 
Ha mopepXHOcTH HX YacTO HaOOLalOTCA NpO3spauHble 3eeHOBATbIe KOPOUK 
OrjleIbuble AYeEH Merk Ly OOJIOMKaMH BBINOJIHEHI GeO coccdaTHOH nopoxon. 

IInorupie OOJIOMKH CJIOXKeHLI B OCHOBHOM MHKPOKpkKCTasMYecKHM (boc 
TOM, HepaBHOMepHO OKpaUIeHHbIM THAPOOKHCaMH xKele3a B OypbI UB 
B He3HauHTeJIbHOM KOJIMYeECTBE IIPHCYTCTBYIOT YIIOBaTbIe H yrIOBaTO-OKaTaHH 
3epHa KBaplla, NOJIeBbIX LIMaTOB, XaJlleqOHa HM JIMCTOUKH MycKoBuTa. HatTeuH 
KOPOUKH Ha OOJIOMKaX OOBIYHO HMelOT TOMMMHY 1—2 mM, pexe Jo 5—6 mM. 3 
KOpOUKH NMOCTPOeHb! H3 pAJa KOHIEHTPHYeCKH HapacrTaroulux OG6oO4eK, | 
CTOAILUX 3 NpOspauHbIxX KPHCTaJVJIOB alaTHTa, COOpaHHbIX B BeepoobpasHBle | 
peratbl, HHOra OOpasyromlux nowycheppl. SoHbI HapacTaHuA OOBYHO OT, 
JieHb! pyr OT Apyra CKOMIe€HHAMM TOYCUHBIX BKJIOYCHHM THAPOOKHCJIOB Xe. 
3a. MomHocTb 30H pa3JIM4HaA; 30HbI HaHOoulee paHHell reHepalluu UMerIOT T 
muHy 0,02—0,03 mm, mocneqHve fBe 30HHt 0,4—1,0 mm. IIpu arom, ec 
BHYTPe€HHHE 30HbI CJIOMKeHbI B OCHOBHOM HYOJIb¥YaTbIMA KPHCTasaMu, TO 
BHEINHUX 30HAX MpeodalaloT KpUCTaIJbI MPUsMaTHYecKOoro O6muKa. TloKasa 
JH TIpeJIOMIeHHA anaTuTa, ONpefesieHHble B MMMepcuu, N, = 1,622—1,6 
N-. = 1,618—1,620. Ilo ontuueckomy xapaktepy cpegqu urombyaTEIxX KpucT, 
JIOB B PaBHOM Mepe BCTpeualoTCA Kak JBYOCHBIC MOJIOXKUTEbHbIC, TAK HU OHO 
HbI€C OTPHUATeIbHbIe, CheH MPH3MaTHYeCKMX KPHCTAaVIOB Mpeobalaer BY 
HB MOOKUTEbHbIM anaTur. 

Benaa pocharuas Macca, BLINOMHAIONIAA AUCH MEXKLY MJIOTHBIMM O6JIOMKa: 
ABJACTCA XKHPHOM Ha OLLYMb NOPONON, OVeHb XPYNKOMi BO BMAXKHOM COCTOAH! 
JerKO KPOUIMTCA Np pasfaBMBanuu pyKamu. Ilpu BpicerxaHnu mop 
ObICTpO 3aTBepAeBaeT H CTAHOBHTCA MOXo*Kell Ha OesbIe pasHOCTH ONOKOBUAH 
cbocopura. Cnomkena ona KpMnTOKpuctTasmMueckUM (boctbaToM cBeTMOrO x 
TOBaTO-Ceporo IfBeTa CO CpeHNM NOKasaTeeM npemommenna 1,595—1,€ 
B He3HayuTeIbHOM KOJIMYeCTBe MMeIOTCA YeLIyHKH PIMHUCTHIX MHHepaJIOB C 
COKHUM JIByIpeJIOMJIeHHeM. 

B tao. 1 npuBeqenb pesy/IbTaTbI XMMMYCCKUX aHaIM30B pasHOBHAHOC 
BTOPHYHBEIX ocpopuTos. U3 Hux BUAHO, YTO BTOPHUHBIE (pocbopuTH Xapal 


*xeinotiodl @ — ae1o00 HMMOOHHNHY » 


1339 


€0'0106'9 | to‘orse'9 | — | to‘orss‘g9| — — | 10'0+88'9 |to'o =F e8'9/ = See el baa == = .|F0: 0-88 9 vy? 
e0‘oFee'6 | 10‘0FEee‘6 = 10‘0-F¥e'6 2S —— «| 70 01-86 110 05 £66 |) o— SS bans —  |10‘0-FrE‘6 ee 
109‘ T—S6S ‘1 /S29'T—819‘T) 779'F [629‘T—Z219‘T| €79‘T — |609‘T—909‘T] §19‘F €19'T — |€19'T | et9't E19‘T 55. °N 
GGz‘0 TST ‘0 = 991 ‘0 —= "17920 | “G7e0 881 ‘0 GLO ss0CC 05 = = G61 ‘0 2 Ode) © 
; geri Yay de, = 
6021 S66 'T OLY'T 997‘ 6G6'T  |9V7'T LY‘ G8 ‘T eo't  |v0v'T |v0v'T | 098'T YLE'T °0%d : OFD 
7L0'0 0010 101'0 7010 WSO |L0V'0 | 0210 L80'0 G90'0 |zv'0 /€90'0 | 6S0'0 LS0'0 ? Od =" OS 
9380/0 760'0 g01‘0 880'0 THT‘O {2800 | e600 160‘0 6800 |880'0 |280'0 | 480'0 020'0 °O%d:d 
CY 86 0S 66 6 ‘66 18‘ 86 07°76 | 79°S6] = 72‘ 86 29 ‘66 Z0‘86 | 26°66) 7°66) 1066 07‘ 16 * * TT BWWAD 
6L'0 og't eo't L6°0 91't | 66°0 0¢'t Ov'y Le‘y | 99°0 | L'0 | OFF Wed SO EG 
1266 00‘TOr | 97‘TOT 7866 9¢°c6 | 69'96) 4766 0‘ 00 6266 |87‘O01|7)‘O0T| 17‘ O0T 19°86 "+ | eWWhD 
Ls‘g PL‘¢ = Gh'9 ae sy 3 eC‘L 06‘9 Cec xiOe'¢ J. = Perle Wage gee = oOea 
cO'T LE'0 | 8c'¢ 1S0 go‘e | 92L‘0 98°7 zg°0 vero |68'0 | LL°0 | S9‘0 cc'0 FOS 
G2‘ 8h 8¢'0 9¢°S 760 TF =| 08‘9F GZ‘8 87°) 76'S =| 76 SS|00'€7| cS‘0 89'0 ‘0 “H 
09‘ LI 6o0 60‘ GZ ‘0 or‘ = aah 2. =O Ge Schoe cy | ze, 0 €y'0 ®Q1S 
8°02 8e'T LZ‘0 €2'0 "HOO 8H | 79°C ZO'e 6e°T Gob 166°0 \e6°0 |. cz,0 60.4 SO81V 
1e'F 070 16‘0 L6‘0 ero Hee | Sear Ot 7 Gmail coyeven ae” ao *O%d 
: 760 78'0 O24 
— “HOO 9H €7‘0 Ge‘0 8z‘0 a — -* — — — vars iaiorrd OuW 
gers er‘o — 620 — aver aiferro ‘HQO 3H "HOO 9H jigYorrd | mifero} cg ‘g 790 OS8W 
9L‘€ "HQO 3H =| “HQO 8H | “HOO oH Gz, 0: 476 '0 8z‘0 70'0 Go 0  |96'0 18,0. | "HOO 9H | “90 oH O*' 
96°92 €6' 2S €8' 1s €0'9S 80°87 |6)'68| eb'cy Q1'2S 26'9¥ |8)'€%| 86°82) Lees 0016S OF) 
L8‘t 9G‘ G9'¢€ cE'% O1°S 498% 98‘Z ve ¢ CO male We OA Te ve © 79% d 
19°F 8L'e 8c'€ L8'€ OL'cb | 06'% L9°¢ 618 We [Lb |Web | 82'% WV "62 
0812 €6‘LE 97 ‘GE 6 ‘9€ L8‘¥Z |OV'LZ| 89'S OL‘*9E 98°€E |72°St}¥79'0%| 6G°8E G8‘ Le « °O*%d 
QCLE ON GGLi ON 
CLF N ZL} aN : 0S} ®N *d90 : 
oe ZA BORN *dgo — ex #99 [Ee 4/299} 2/29} aN W2G9) ®N HOST IN -|V/90STAN|T/90GTN| Z/LEYE ON | WLYPT ON 
"HLe@oIOp-OL9 | -HLeue exnod BHerseies Beudan | WN ‘d90 *dgo “dgo “dgo ‘dgo | ‘dgo *dgo ‘dgo 


-HHHIfl Belrag | -O’ KBEHhOLeH , 
9 omHdan dIdHLOrU BeHLOIUGH 


eMHYHaoHhUsdg MLudOmI0w oMLonaONnHeIden WLudops0@ IIILEHIOLMOUOMHOL IWLUdOMI0g 


eqHYuUGONOUO IWLHdoms0g 


ef BULB YL 


PH3yIOTCsH BbICOKMM cofepxKaHHeM P,O;, a Tak%ke MOCTOAHHBIM IIpHCyTCTBHEl 
ropa u yraexucnoret. IIpu sTOM MpHMeyaTebHO MOUTH MOHOe OTCYTCTBHE — 
cbocboputaX MarHuA, XOTA B KOPeHHBIX. MOpofax mpeoOmaqarouluM KapOoHaT 
HbIM MHHepaJIOM ABJIAeTCA JOJIOMHT. 
B. ra6. 1 npupeyeHbt Tak?Ke OCHOBHBIe NOKasaTelM ocaTHoro BelllecTBa 
Ha OCHOB@HHH KOTOPBIX OMpefesAIOTCH pasHOBHAHOCTH MHHepaon rpynnMbl alla 
ruta (°°). M3 ux paccMoTpeHua sABCTBYeT, UTO OCHOBHAd YaCTb ‘BTOPHUHbL 
(bocbopuToB saBJseTcA (propKapOoHaTanaTuToMm (B oOpasie Ne 1725, KpoM 
Toro, HMeeTca cyllecTBeHHad MpHMecb KasbiuTa). Jluuib B OAHOM OOpa3ll 
(Ne 1729) CaO coyepxuTca MeHblle, eM LOKHO OpI0 ObITh BO (ropKapOoE 
anaTuTe. 3ylecb, MO-BHMMOMy, HMMeeTcCH MpHMecb avllomModociata, KoTopa 
OOYCJIOBJIMBaeT NOHWKeCHHbIM NOKa38aTeIb MpeIOMJI€HHA, HECKOJIbKO TMOBBILLUCE 
Hoe 3Ha¥eHHe MapaMeTpa C KPHCTaJJIM4YeCKOH pellleTKH, a TakxKe NMOBBbILWeHHO 
KOJIMYeCTBO JIMMOHHOpacTBopuMoH P,O;. 
TIpocrpancrBeHHad MpuypoueHHOcTh CKOMIeHHH BTOpHYHEIX dochopuTa 
K TeKTOHHYCCKHM HapylIeHHAM, OFpaHHyMBalolluM (ociopHTOHOCHbIe KeMC 
PHlicKHe OTOXKeHHA, MOSBOIAeT CUHTATb, YTO HCTOUHHKOM (pocibata WA 
opMupoBaHHA FaABUIMCh NepBHYHbIe ocdoputTEl. OdOpasopanue BTOPHYHbr 
tbochopuToB CBA3aliO B OCHOBHOM C MpolleccaMH MepepacnpeseseHuA BeLLeCTBE 
OOYCJIOBJICHHBIMH BEIBETPHBaHHeM docdopuTouocHErx nopog. IIpu BprwBerpuBe 
HHH (pocopuToR B MepBy!O OYepeAb U3 HUX BbillkeayMBaloTCA KapOouHaTH, | 
TOJIbKO MOcse STOTO MpHoOperaeT MOABUxKHOCTA docdhaT (°, *°). OcobeHHO UE 
TeCHCHBHO STH MpPOMecchl NPOMCXOMIT B 30HAX TEKTOHHYECKH PaSpYMIeHHBIX TIC 
po, NO3TOMy K HHM HM IpHypoueHO HakoOlIeHve BTOPHUHbIX docopuTos. IIp 
WHPKYMAWHH OOOralleHHEIX (pocPaTOM BO, BOJIM3H MOBepXHOCTH MOFVIO MpoHc 
XOJMTb BbillaweHve (poctpata 3a C¥YeT HCMapeHUA BOJbI B TPelllMHaxX — 9THM Ty 
TeM, 110-BUAMMOMy, OOpasoBaJIMCb ONOKOBUAHbIe H TOHKONOIOCUaTHIe POCPOpUTE 
B 6ouee raryOoKHX 30HaX, Te KapOoOuaTHI elle He MOJHOCTbIO BbIIeOUMJIMCI 
Pa3BHBaJIHCb MpoOleccbl MeTacOMaTHYecKOrO 3aMellleHHA KapOoHata cocdaTon 
B cyyae nomaaHud B TeKTOHMYeCKYIO OpeKUHIO OOJIOMKOB MepBHYHBIX ocd 
PHTOB, B HAX TakxKe Mpoucxouia NepekpuctassHsaunA cocdata. IIpu sto 
B yuacTKax, Te TeKTOHHYeCKH pa3APOOJeHHEIMM ABJIAJIMCh NOPOAB *Kewlest 
MapraHleBoro ropu3outTa (*), 3ameratollero B OCHOBaHHH TaMAMHCKOM CBHTE 
OOpasoBayIHCb MapraHWoBUcTEle coccbopurbl; B MecTax, Te TeKTOHHYeCKC 
HapylleHHe MpOXOQMJIO B BbILMe paciMOsOXKeHHbIX TOPH3OHTAaX CBUTHI, Mpescral 
JIGHHBIX (ocaTH3HpOBaHHbIMH KapOOHaTHbIMH MOpodamu, OOBMHO OOoralllet 
HBIMH QOJIOMOUHEIM MaTepHaJIOM, (OpMupOBasIHCch OpeKkyHeBUZHbIe PocopuTE 
Bonee mo3qHel reHepallve ABAIOTCA HaTeYHble MpOspayHble KOPKH, Toy 
KapOonatanatuta. Kpuctamiusaiua cociata 3ecb Ulla B TeveHHe UTeJIbHOr 
BPeMeHH H3 ClaObIX pacTBOpoB, OularosapaA YeMy MOrJIM OOpasOBbIBaTbCA Cpal 
HHTeCJIbHO KPYyNHble KPHCTAaJIJIbI. 
HanOonee nosqHei renepauueli, OOpa30BaHue KOTOpO NOX BAMAHHeM Cc 
BPC€MeHHBIX MOYBOOOPasOBaTeJIbHEIX MIPOWeCcOB, MO-BHAMMOMY, [pooumKae4rc 
MB HacTOsIlee BPeMA, ABJIAeTCA Oead TIMHUCTO-cboctbaTHaA Macca, BbIMOVJIHS 
olla AYeH MexkAy OOOMKaMH B OpeK¥MeBHAHIX (ocdopurax. . 


TocyqapcTBeHHbli Hay4HO-ucceqOBaTeMbCKHH Yoctynuo | 
MHCTHTYT TOPHOXHMHYECKOrO CLIPbA 5 IX 1959 


UMTMPOBAHHAA JIMTEPATYPA 


+O. B. Hapuemamesuan, Tp. Toc. mucr. ropHo-xum. cpippa, B. 4 (195¢ 
7T.C. Tsoneunugyzse, Coo6bm. AH IpysCCP, 15, Ne 10 (1954). &M. TL. ®use 
C6opx. Pochoputer CCCP, JI., 1927. 411. JI. Bes pyxos, Coopx. ®ochoputs Kap 
Tay, Amma-Ata, 1954. °° B. M. Tummeapbagap6, Cos. reom, Ne 10 (1946 
6° T. HW. By wu ucku i, COopx. Bonpocs reonoruu arponomuyeckux pygz, U3g. AH CCC 
1956. 7A. UH. Cm Hp HOB, P.B. 4punukasa wu gp., Tp. Toc. uncr. ropxo-xm 
cbIpba, B. 4 (1958). Pf Osepos, Jl. Bal paw moran bl Bymwuucku 
3an. Bcecowsy. Muy. o6m., cep. 2, 85, Ne 3 (1956). ® B.M. Macaenuuuko 
®. A. Kaspunukas, JAH, 109, Ned 1956). 1H. A. KpacuabuuKos 
A.W. Cmupuos, Bionn. naywno-Texnwy. unopmauuu, Oren nay4Ho-Texnuu. HHO 
mMawuu Bcecowo3H. MHCT. MuH. cbipba, 1958. UT. WU. Bymuuckuidi, Coopx. Tama’ 
akayemuka A. JI. Apxanrenscxoro, 439. AH CCCP, 1951. 
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 floxragp Akanemun nayx CCCP 
1960. Tow 130, Ns 6 


IETPOFPA®H A 
H. J. WAPOBCKHA = 


O 30HAJIBHOCTH B MAPHYTOJIATH3HPOBAHHbIX 
, IWEJIOUHbIX MOPOJAX 
( II pedcmae reno axademuxom J. C. Kopacunckum 1 X 1959) 


| Ha matepuase IIpuasosckoi menouno mpopuniuu (YCCP) uerko pasrpa- 
| HHUMBAIOTCA CTaMMH UlesIOUHOrO 3aMelleHHA ((PeHHTH3aluA WH MapHynouMTH3a- 
| una). Ilocnequaa cBa3aHa Cc Tak Ha3blBaeMOH crave mocsemMarMaTHyeckoro 
| 3aMeIILEHHA HW OTJeseHa MO BpeMeHH OT PeHUTH3ALHU, COMYTCTBOBABIeH NOABIE- ~ 
Huio PoksuTos. Ilo cBoe nerpoxumMuyecKOH XapakTepHcTHKe mpollecc Mapuy- 
| MOJMTH3alHH MpOTHBONOMOKeH (eHHTH3aWHH HW MOKeT ObITb OMpeseseH Kak 
—ocoOpii ~deppH-HaTpH-KpeMHHeBbI THM 3aMellleHHA, KOTOpHI cmoco6cTByer 
NOABJICHHIO HATPHeBbIX MOPOA Cc MepeMeHHBIM COJlepKaHveM Kasiuuinata. B Ma- 
 pHynouuTax, XapaKTepH3yIOUlNxXca STHPHHO-HedeHHO-aJIbOMTOBLIM coyueTa- 
HH€M MHHepaJIOB, STOT NOJIeBOH WinaT OObINHO PeJIHKTOBBIH. : 
KputTepHeM pa3srpaHH4YeHHA yKa3aHHbIX MpoOleccOB 3aMelleHHA CJ KUT 
_ MpoMexkyTOUHOe MONOReHve OTULeMJIeHHOH Cal\uH HedeJIMHOBLIX MMKPOCHeHH- 
_TOB (COOTBeTCTBYIOT aMUOOOBLIM THHryavTaM) Mex,y dboiauTaMu i merMatn- 
| TaMH. OTH MMKPOCHEHHTH! CJLYKHJIM TviaBHOH HCXOAHOM Moposoh mpu ob6paso- 
| BaHHH MapHynowHToB. B 3sTOM 3akuIIOUaeTCA HacTOsMee JOMOHeEHHe K H3BeCT- 
| HoMy mpefctaBsienuto IT. HW. JleOemepa 0 MapuynountTax Kak O NepepoxJeHHbIX 
| mopodax (*). YcraHoBeHHe THNa HCXOAHOH NOpoOsb, MO KOTOpOH nocseqoBa- 
| T@JIbHO Pa3BHBaJIOCb MeTaCOMaTH¥eCKOe 3O0HaIbHOe 3aMellleHHe, NpHoOperaer 
| MepBocTemeHHoe 3Ha¥eHHe [Id NMOHHMaHHaA paccMaTpMBaemoro mpowecca. 
| Tlpwuunofi sonanpuocru, BOsHKatollelt MpH MO_OOHOTO posa Mmpoueccax, 
ABJIACTCA CBASAHHOe C TAKHM 3aMeleHHeM «KayeCTBeHHOe pa3sJIMdMe B MOJBHXK- 
| HOCTH KOMMOHeEHTOB MOpo» (7). OTH pa3sJIMYHA MpOCexKUBAIOTCA Ha MaTepHaue 
| W3yYeHHOH 30HaJIbHOCTH B MapHYyNOAMTH3HpOBaHHBIX Moposax. PasnnyaloTca 
| [Ba Bua TaKOl 30HaJIbHOCTH: BepTHKaJIbHas (10 BOCCTaHHI0) H OoKoBas, IIpHypo- 
| _WeHHaA K TPeUIMHOBATOCTH WeOUHbIX Nopogx. Bropok Bu 30HabHOCTH AB- 
| sineTCA HaWOOsee BbIPAXKeHHbIM H HJVIIOCTPUpPyeTCA pesybTaTaMM HemocpescT- 
BeHHBIX HaGwoseHHH (puc. 1). [loasmenHue 30HaIbHOCTH NepBOrO Bua CBA3aHO, | 
| OUeBHIHO, C aBTOMeTaCOMaTHYeCKHM TepepOxKJeHHeM HCKJIOUHTeIbHO NOpoy. 
| TuHryauTosol daunu. Bokopasd »%xe (OKO/MOTPel{MHHad) 30Ha/IbHOCTb — ABHO 
| HavlowKeHHaA, OOBIMHO accOlMMpyerT C NerMaTHTaMH He*eJIMHOBLIX CHCHHTOB, 3a-. 
| jleraloulMMH Kak Cpe MepepoxeHHEIX aMHOOJOBRIX THHTyavTOB, TaK 
-cpeau Apyrux nopoy (aibOuTHTOB, CHeHMT-NerMaTHTOB, POHAHTOB, B TOM YHCe 
-M cpeM TrpaHuTos). 
| Tlopompt racTruHrcutTo-HedbeHHO-MMKPOCHeHHTOBOH dal = pec TaB- 
_jleHa KaJIHeBLIMH HM HaTpHeBbIMH WIeHaMM, TO, OU4eBHHO, ABJIAeTCA 
| o6teli yepTrow H AA THHTyaNTOB Apyrux npoBunyun. IIpumepom stomy 
| CJIYXKHYT ycTaHOBJIeHHe KaJIMeBbIX THHTyaHTOB TaK%Ke€ B MaCCHBEe AsbHO 
(2). B Oxra6ppckom mlenouHoM muiyToHe (IIpuasopbe) KasMeBble WIeHbI OMSK 
‘m0 cocraBy olisutam (MuKpooliautsl), a BTOpble — HeCKOJIbKO IpuOJMAKAIOTCA 
10 CocTaBy K MapHymOuINTaM, HO Bce Ke ocralorca amduGon0BbIMH. OCHOBHBIMU 
XapakTepHCTHKaMNM Bcell STO TpyNUbl MOpOA ABMAIOTCH: MOCTOAHCTBO CYMMBI 
Wenouell y pasHbIX WIeHOB (MeHAETCA TObKO MX COOTHOMIeHHe), COXpaHeHve 
6e3 u3MeHeHHA KoxXppuiluenHTa 2%xesesucrocrH u orTHomeHHaA Al : Si: 


_ cTemleHb OKHCJIeHHA 2KesIe3a OcTaeTCA TaKOH Ke, KaK MH B_. POHMAH- 
| 4344 


RRR eee Lom MI ECT) SNE 


PUTER NLL NTO IES TIE 


K KOHTAaKMY Ss 


HK UeHMPY HUNGHOEO 
MOREA 


Puc. 1. SonambHoe ctpoenue B Mapuynoun- 

TH3HPOBaHHOM WeMOUHOH MOpoye (cotorpa- 

bus NouHpoBaHHoro KepHa). /—/V —so0unI. 

{1 — yraosatpiii o610M0K Mapuynoauta, 2 — 
JenHOMeaH 


ax. HacrymHBulee pa3qeneHve ut 
moue B YkKa3aHHoH Tpynme  nopo, 
CJIy2KHT BepHbIM I[pv3HaKOM HaMeTHB 
lWerocd OTJeJIeHHA UeIOUHbIX pacTBO 
pOB, KOTOpbIe JelicTBOBaJIH 3aTeM CaM 
CTOATEIbHO, CMOcOOcTBYA Pa3BUTHIO Ha 
JIOXRKEHHOTO MeTaCOMaTHYeCKOrO MHHepa, 
jo06pa30BaHHaA. 
“Tlepexoy k MapHynoJIMTH3HpOBaHHBID 
mopoyjaM Obi COMpAXKeHC Pe3KHM TOBb 
IUeHHeM CTeMeHH OKHCJIeHHA XKewlesa | 
yBeJIHYeHHeM COJep%KaHHA HaTpHA ) 
mlopofle (C YaCTHYHbIM BbIHOCOM HM Jax 
6e3 BbIHOca Kamua). Ho Kosppbuwuer 
»Kesle3HCTOCTH UM oTHOUleHHe Al : Si H 
TlOBepraJlHCb H3MeHeHHIO H MOJIHOCTbE 
COOTBETCTBYIOT HX 3HaYeHHIO B_ HCXO, 
HOH mopose. ITO O6ycsOBeHO TeM, 4 
coflepkaHve B NepepoxJeHHOH mopoy 
WMHepTHbIX KOMMOHeHTOB (Al, Si, Fe 
Mg) octaBalocb 6e3 H3MeHeHHA, H Cy 
IM€CTBOBaBIUad MEKLY HAMM 3aBUCHMOCT 
MOJIHOCTbIO YHacieloBaacb MapHyno 
JIMTaMM OT HCXOAHOH nopogdnr. Taku 
MapHYNOJIMTbI, He CBASaHHbIe Henocpes 
CTBeHHO C TerMaTHTaMM Mors oOpa 
30BaTbCA KaK HemocpecCTBeHHOe 3aBep. 
WeHHe 9Tana KpHcTaJIM3aluu oC 
JieHUX (MapHynosuT— rucreporeHuTpl) 
Mix 3aMelleHve CBA3bIBaJIOCb, I0-BHLU 
MOMY, C 3aTYXalolleH MO BOCCTaHHIO HH 
TCHCHBHOCTbIO IesOUHOTO Nepeporxyle 
HHA NOpOL (BepTHKaJIbHad 30HAJIbHOCTS) 
uTO OMpeeaeTCH MepeMeHHBIM coOjlep 
2KaHHeEM PeJIMKTOBOYO FacTHHrcHTa. 
MapuynouTH3upoBaHHble mopos 
CONYyTCTBYeMble NerMaTHTaMH, 6omee HH 
TeHCHBHO lpeoOpasoBaHbl. Paspupap 
IUMHCA IPH 39TOM OKOJIOTPeWLMHHbI Me 
TaCOMAaTO3 CBA3aH OBI C MOAbeEMOM Ti 
TPeUlHHHbIM 30HAM PaCTBOPOB, KOTOPBI 
BHOUSMeHANIH BMellaollyio nopork 
(BCTpeuHoe 3aMelleHHe), CHOCOOCTBOBaJL 
Pa3BHTHIO OOKOBOH 30HaJIbHOCTH VM MOAB 
JIGHHIO aJibOHTUTOB. Takaa MeTacoMa 
THYeCKaA 3OHAIbHOCTb mpelcTaBsieH 
Ha MIPHMOMPOBaHHOM MIOCKOCTH KepH 
(puc. 1) cleqytoulHMH 30HaMH: MapHy 
MOJIMTOBOH C PeJIMKTOBbIMM KaJIMUINaTo! 
HM ampvOouom (/), MapHynouHToBOH 
JIMIMCHHOH KaJIMWiNaTa UC MOHMXKeHHBE 
coflepxkaHHem HedesuHa (JJ), aumbOr 
TOBOH C JlemuqOMeaHoM (/J//), nermaty 
Topo (/V). Ucxoquo mopogok cay 


HKHJIH AaMPHOOMOHE*PeIHHOBbIE MMKPOCHeHUTHI C COJepxKaHvemM YacTuHrcHT 
12—18%. KoumuecrBeHuble W3MeHeHUA COcTaBa MMHepasioB 10 30HaM cue Ly 
tolyMe (B BeCOBbIX Mpolwentax): racruurcuta 1,74 (J), O (JN), 0 UID 
srupuHa 14,15 (1), 2,02 (//), 0,66 (J//); nennpomenaua 1,31 (1),0,09 (7D) 
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(//]); Kauumnata 3,62 (/), 0 (JJ), 
0,03 (///); anbOnta 51,96 (J), 75,96(//), 
87,50 (///); Hepenuna 25,53 (J), 12,36 (//), 
0 (///); mpoxyKroB u3MeHeHnA HedbenuHa 
(KaHKPHHHTa, cOJamuTa u HaTposuta) 0,57 
(1), 8,83 (/1), 0,86 (11); apyrux MuHepasos 
32 (1), 0,74 (1), 3,42 (11). 

Oa 30Ha/IbHast CMeHa B COcTaBe MHHepa- 
JIOB YKa3bIBaeT Ha TO, UTO MeTaCOMAaTO3 COBep- 
maicad He MPH CIVJIOWIHOM 3aMelleHHH BCeli 
W MACCHI WeJIOUHOH MOpOAH, a Obl CBA3AH C He- 

NOJIb80BaHHeM TPeilMHHO OGacrTH CTHIKa e- 
| touHBIx MOpoxe ocHoBHEIMH. HenocpeycrBeH- 
| Ho c 30HOIi TPeUMHOBAaTOCTH (CBOOOAHaA WHp- 
| Ky IAIMA PacTBOpa) COBMajaerT NOABIeHHe Ner- 
mMatuta. B norpaHHuHoli c nermMaTuTaMu 30He 
CpeqH aJIbOMTHTOB MMeeTCA YOBATHIi PEUKT 
| MapHYNOJMTH3HpPOBaHHOL MOpospI (BeposATHHIH 
KceHouIMT). M3mMeHeHua B cocTaBe STHX 30H 
‘“OTpakaloT cCJleyloulMe XHMMUeCKHe aHaJH- 
3pt (Tab. 1). 

Ha oOcHOBaHHH TaKHX JaHHbIX MOXHO 
| 3AKJIIOUMTb, UTO OKOJIOTPelllHHHOe MeTacoMa- 
THYeCKOe MpeocOpas0BaHne He*PeIMHOBLIX MUK- 
| PpOCHeEHHTOB CONpOBOxJaOcb MpPpHBHOCOM B 
 Ooxospie 30HbEI Na u Si wu BprHocom K, Fe u 

Ca. QO6oraileHHe mocjieqHHMu 93J1eMeHTaMH 
MerMaTHTOB CMOCOOCTBOBAaJIO pa3sBHTHIO B HHX 
MHKPOKJIMH-NepTuTa MW JMONCHAM38alMH 93ru- 
puua. B coorBercTBuH C 3THM NpOH3OLWIH H3- 
MeHeHHA B MapareHesuce MHHepaJOB OOKOBBIX 
30H C XapaKTepHbIM HaJBHraHveM BHYTPeH- 
HUX 30H Ha BHEIIHHe, H C H3MeHeHHeM OCHO- 
BHbIX XapaKTepHCTHK nopogpy. O npunadiex- 
| HOCTH B MpOWWIOM Noposs K HeeJIHHOBbIM 
MHKPOCHeHHTaM MOXHO JIMUIb CYHTb 0 
PeJIMKTOBOMY TacTHHrCcHTy HH MMKpOKJIMHY 
BO BHelIHeH 30He 3aMelleHHA. 

Murepnpetalua mpollecca MapHylouIMTH- 
3alluu WuocTpupyetca cxemol. Ha Auarpam- 
My c 6eCKOHeYHO YJlaJIeHHbIMH KOOPAWHAaTaMH 
ujemoueH (3) HaHeCeHbl COCTaBbl MHHepaJIOB 
MH mOopok MO JaHHbIM XMMHYeCKHX aHaJIH- 
30B (puc. 2). Bnowe racrHHrcuT —HedeuH — 
MHKPOKJIMH pagMellaiorca (ohauTsl (a) Hu 
He(beJIMHOBLIe MUKpocHeHuTpI (6). M3mMenenus, 
CBA3aHHbIe C MepexOXOM OT amHOoI0-He- 
eJIMHOBLIX MHKPOCHeHHTOB kK MapHyNOJIK- 
TH3HPOBaHHbIM MoposlaM (6), OTpaxkaloTcA Ha 
JMarpamme B Bue AByx OOocoO/eHHBIX rpynn 
STMPHHOBLIX MOpok (mome srupHH — Hetpe- 
JHH — nuiarvoKsia3s Ne 5—8). M3 Hux rpymna 
nopogx (A), oxapakTepH3o0BaHHas BpIllle Kak 
ABTOMeTaCOMaTHYecKad, COXpaHsAeT HSOXHMU4- 
Hoctb Al: Si u mosTomy cocTaBJIAeT Ha 
AvarpaMMe mpsamMoe mposouxKeHHe JIMHHH 
pasmelleHuA aMHOOJOBbIX MAKPOCHeHH- 
tos. Jipyraa rpynna nopog (4), ormuua- 


T a0 0 teat 


VsmenenHe XHMHYeCKOrO cocTaBa B MapHyNOJHTH3HpOBaHHbIX NOposyax C Me€TaCOMATH¥eCCKOH 30HANbHOCTbIO 


m~ NA re ~ 
N ~Oor oo 
“aly ows como: 
SADD & 
= 
| Sl hes) Gale Ga 
eo} oor ~ 
Hao 1S S1Se7 iS 
= 
+ Oo Os = 
re) RON on Smet 
) SSS a 
a 
& 1D 19 Re) 
>, o nO Ss 
A, SSS eS 
SH a coco 
3 Go CRS cy SS 
Vee Sitar) (o 
oO tt) 1D -€D) 100) wD 
> Vey ce) Rep ey >) 
oS Ay har ese, A 
z col Korie! Gr 
be | 
© st oO-m YX! 
% N OFN CO 
io) Qo Sore S) 
S)} N st CO CO N 
00 (5° oN | é~ 
= SSoqg © 
SN cS eS 
) oo ton © 
= Sse S 
(e) “+ &- NO x 
oO t=" (OO: CNIS io) 
= Yt Nao Oo 
fol al tl We) Ne) Ve) 
3 SAS Sil 
{1 CAD) Od) ec 
© GO) | <0! CO Or OO 
oF ~ va om ~ 
= Oo 2OS © 
Sa SANN AN 
3 oa , 
we = OC es = 
ie: Siesenss Fo 
& Sy, Ng) ey @) eS 
fo) SO .O;O1c) it 
7) HID! G3 2c = CO) 
iso) Ae nCOn Led 
i) 
x 
8 St ae 
z Tipe 
o e 
a 
‘i ia 
iso] ° 
So a) 
& ast 
3 = 5 
oI Ko SO, 
(oy; oO oO 
iS Ao © x 
a yee ey OY La 
° Ra & we SOR 
E S Sq 6 Be 
esp eS ee Ss 
a2 Orn FARE 
a FoRxS 
Ren zo By 3) 
mS yr chevey Neon 
4 fev fay way 
ons oO fF SE 
Sn) ee ea ee 
ii, st co 0 
ao Sl kes) OS he 
ak Ceo ac 


1343 


Je 
follaacA OOKOBOMH  30HaJIbHOCTbIO, ee | oe eet te ‘ 
3TOFO MOA), UTO O 
C BbIXOJOM aJIbOHTHTOB 3a Mpeevbl o 
ve B HHX cojepxanHa Si. Orum nosrBepxfaerTca eee a 
Bsr (*~*), uro MapHYNOJIMTHSallMA COBepllasacb TaBHBIM O seen a7 
nepepOxJeHHA HedeJIHHOBbIX MHKPOCHEHHTOB IyTeM OOMeHAa Ileo4e 7 


ts Na20 —f 4 
Si0,*Al,0, 


oe Al oO, 


Si0,+AL.0 
%p IZ Meo Us 


Puce. 2. J[marpamma mepexofa oT amuOonoBpix HederHHoBEIx CHEHHTOB K MapHynosHTH3 
POBaHHBIM TMOpofaM. Tunbl 3amemenua: (4) — aBTOMeTaCOMaTHYeckHH, (6)— nanomKeHHo-m 
TacoMaTHueckHH. Ha fuarpaMMy HaHeCeHBI CocTaBE MHHEpasios: J’ — ractuurcut, 9 — 9p 
puy, M —muxpoxauu, H— Hepemmn, AX — anoputut,/Jz— MarMokia3s Ne 5—8. Cocr; 
MOpO, MO JaHHbIM XHMHYCCKHX aHaH30B: a — amMrOos0pp1e (oriauTE, 6— amu6ou10-Hed 
JIMHOBbI€ MHKPOCHCHHTEI, 6 — MaPHYNOJIMTH3HPOBaHHBIe MOpoOsE! (6’ — srupuHoppie MapHyn 
JHTbI, 6” — anbOUTHTbI), 2@— MerMaTHTEI. Homepa anau30n — mo KOJWI€KUMH aBTOpa; pHi 


ckue WHdpppr COOTBETCTBYIOT 30HaM SaMeUlCHHA Ha puc. | 
SbIBaHHA HaTpua Fe*+-cunuKkatom (STHpHHH3alNA) 663 
BHOCOM Si. B nacrosureit crate pasoOpannl pasinuua aaa YCTAHOBJICHHEIX [By 


BHAOB 3aMellleHHA, H3 KOTOPbIX Ne€pBbIH mpekcraBssaer coook Buy ructTeporer 
HOrO IleJIOUHOrO NepepoxTeHuA MOPObI, a BTOPOK sABIAeTCH Hao 


NPHBHOCa HC Tip] 


2K eC HHO-MeT; 
COMaTHYUeCCKHUM. 
VMuctutyT reonornueckux HayK Moctynuao 
Akaylemun YCCP 30 IX 1959 
UWHTHPOBAHHAA JIMTEPATYPA 


Jl. ®. Atin6 €pr, Tp. Bececotosu. Teoul.-pasB. o6bez., 
7. C. Kop xuuckn H, OcHopupie mpo6emsi B 
poxnennax, M., 1955. 8 71. C. Ko PXHHCKH i 
HaparewesucoB MuHepatos, M., 1957. 4 [1]. H. Jle6enes 
Tporpabua Yxpauup, 1934. 5 C. A. p YARCuHKO, Ban. B H. oOul., 86, B. 
C357) ae eS 10 7. Ilaposexy H, Jloxn. AH YCCP, Ne 3 (1956). 7 yy, A. apo} 
cku i, leon. xypy. AH YCCPS 17, Bol (1957). 8 


JAG oil: Wlaposcxyiai, Tp. II Be 
ColoSH. TeTporpaduyeckoro coseuL., Tamxkent, 1958. ® H. V, E ckermann, Ire A 


kaline District of Alno Irland, Stockholm, 1948. | 
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Horaayn Akaygemun nayx CCCP 
’ 1960. Tom 130, Ne 6 


OKEAHOJIOTHA 


A. KY3HELWOB 


AAHHBIE MO KOJIAYECTBEHHOMY PACIIPEJIEJIEHHIO JOHHONM 
®AYHbI JIOKA ATJIAHTHYECKOFO OKEAHA 


(I]pedcmaereno axademuxom B. H. Cyxaueetsim 10 XI 1959) 


Hsyuenve kOsMueCcTBeHHOrO pacnpeeeHHA OHHOH (bayHbl OTKDBITHIX 
OKeaHHYeCKHX MpOcTOpoB — OfMH H3 BaxXHeHUIMX MOMeHTOB B 03HaHHH pac- 
mpeqeteHHA %H3HH B Muposom oKeane. 

B nocaeguve rope (1949—1959 rr.) B Tuxom u Vugniickom okeaHax H B 
Bolax AHTapKTHKH 9KcHeAMIMAMH Ha «<BuTs3eyx Hu «O6u» CHCTeMaTHUeCKH OCyLle- 
CTBIAJIMCb KOJIMYeCTBEHHbIe COOpbl NOHHOH dpayHpr. Tlomyuenupre MaTepHaJnl 
NOSBOJIHJIM BbIABHTb HeKOTOpbie 3aKOHOMePHOCTH B pacipeseieHHH *KH3HH 
Ha JiHe OKeaHa H COCTABHTb KapTY KOJIMYeCTBEHHOFO pacmpeyeweHua JOHHOM 
—®ayHet Wa OOWMpHBIX palonop s0xa Tuxoro ux Mxugquticxoro oKeaHos (°). 
Uto xe KacaeTca 0x%xka AtTsaHTH¥ecKOro OKeaHa, TO JIA Hero JaHHbIe M0 
KOJIHYCCTBEHHOMY paciipeyeseHHio JOHHOK dayHbl OrpaHwuMBaJIMCb JIMUIb He- 
CKOJIBKHMH JHOUePNaTeJIbHBIMH MWpOCGaMu, MOJYYeHHbIMH |akKcMequUMeH Ha «I a- 
JlaTee» y GeperoB SKBaTOpHasbHOH AdpuKu (‘). 

Bo spems pador 5-4 AtTmaHTHyeckoH 9kcNeqnuMH Ha cyqHe «Muxaun JIomo- 
HOCOB» (alpesib — ulOJIb 1959 r.), HMeBLUeH OCHOBHOH cBOeH 3aqayueli u3y4eHHe 
IWHPOTHOH 30HAJIbHOCTH B paciipesesieHHH (Cu3HKO-XMMH4eCKHX HU OHOJIOrH- 
yeCKHX XapakTepucTHK ATsaHTHYeCKOrO OKeaHa, HaMH Opi COOpaHbl MaTepHa- 
JIbI 10 KOJIMYeCTBEHHOMY paciipefeieHH!o JOHHOM dayHpl m0 30-my MepHuany. 
C6Oop MaTepHasIOB mpovsBo_MIcA B MepHog c 22 IV no 31 V AHOuepnatesnem 
«OkeaH 50» c nmomlagbio packppiTua 0,25 m?. 

KosuuectTBeHHble 1HOYepnaTeIbuble NpoOp! Obi NoyyeHH! Ha 21 cranwuH *, 
¥3 KOTOpHIxX 18 pacnosoxKeHH Ha 30-M MepHyHMaHe oT 67° c. mI. WO 21° 10. m., 
mee ua 60° c. w. x wry or Mcnanqun ogua y Oeperos Bpa3uaun (pune. 1). 

Boubuuucrso mpo6 (14 “3 21) Opwio nomyyeHo Ha ruryOnHax Oouee 2000 M. 
T]pompiska mpo6 mpousBoqusacb B ceTKe H3 rasa Ne 140. CogepxKamlasaca B HUX 
dayHa pas6upasacb no rpynnam **, @uKcupoBasacb 80° cnupToM H, cmycTa 
TIpPHMepHO Mecall mocse @UuKcalHH, B3BeWIMBalach JIA ONpeleseHuA OOULeH 
6uomaccht NOHHOM dbayHbI HM ONOMACCHI COCTABJAIOULMX ee py XKHBOTHEIX. 

Co6panubiit HaMM MaTepHaJ NOSBOJH BLIACHHTb OCOOeHHOCTH KOJIMUCCTBEH- 
HOFO pacnpeeseHHA JOHHOM PayHbI B CeBePHOM WM YaCTHYHO 10X%KHOH MOJOBHHAaX 
AtmantTvyeckoro OKeaHa m0 30-My MepHAHaHy HM MpocwiequTb 3aBHCHMOCTb 
MEX]ly pacripeseeHHeM B MepHJHOHAJbHOM HalpaBJieHHH HeKOTOpbIX aOHO- 
THYeCKHX (pakTOpoB (pebe) Ha, AHHAMUKa BO, XapakTep rpyHToB, OOuIHe 
NHULH) H pasBHTHeM JOHHOM 2KUSHH B pa3JIHYHbIX WHpoOTax. 

V3 tab. 1, B KoTOpOH MbI NpHBOAWM dakTHyecKkHe JaHHble MO cocTaBy H 
6uomMacce JOHHOM dayHb! Ha CTaHWMAX, BHAHO, YTO KOJMYeCTBEHHOe pacripe- 
jleenne tbayuHbt Ha He AraaHTuyecKOro OKeaHa 10 30-my MepHMaHy uMeeT 
BeCbMa HepaBHOMepHbIli xapaktep. OOulaa Onomacca dayHbi KOeOeTCA WIA 


* Ha cranunu Ne 36la Opima momyyena KayecTBeHHaA mpoba. 
** Bonee yeTalbuo ompeseiuTb CHCTeMaTHYecKHH CcocTaB dbayHbI Ha KopaOwe He MmpeActa- 


BHJIOCb BO3MO?2KHBIM. 
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Ta6Oauna 1- 


CocraB vu 6vomacca JOHHOM dayHbt B ATJaHTH4eCKOM OkeaHe (MO KOMHYeCTBEHHEIM AHOUeL 
naTebHbIM mpo6am 5-ro peiica «Muxauna JlomonocoBa») i 


= } ' = : = os 
Gs = 2 fo} Ss o sf 
S S| se 185 [=| 2 | Caeser 
= Koopyunarpl = 6 = So] 6 3 25 5 maa | et 8. as . 
D ia] C So 

& a $ | kes] # |2e}ac|] = | se] < | & | ome 
4 - 
z a B rpaMMax Ha 4 M2 : 

Si | 60°03'6” c.nt., 14040167 3.7m. 1796} — — — — | 0,14 — — — — Out 
343 | 60°05’0” 21°44'8” i 2681 | — — | 0,541] 0,21 | 0,03 — 12,8 _ 0,08| 12,6 
345 | 64°48'8” 28°55/07 960 | 8803 _ — — | 0,6 — — — _— 3803,6! 
346 | 66°22'0” 29°56'5” 326 65 — | 1,6 056 s\e2e4 _ 4254 — 0,04) 81,4 
347 | 66°04'2” 30°02’0” 347) — — | 2,6 AO RORD = one — —_ Kt) 
349 | 62°00'8” 29°56'1” 2022) — — (22,7 — | 0,16 _ _ _ _ 22, 86 
350 | 60°00’0” 29°56’5” 1278 2792'\" 1154) — —- — — 3,4 _— ~— |2812,8 
352 | 56°28727 30°07'0” 2836 | — = | 0,03 — | 0,12 — — — 0,86 1,06 
804 | 61032704 30°00’9” 2382 | — — | 2,0 0,11 | 0,03 — 2a a= _ i 
nyt Aaa aie 29°55'0” 3318 | — — | 0,357 0,21 —~ — -—- — —_ 0, 5 
859) | 44°5 775” 20°55 2576 | — — | 0,22 — | 0,01 -- — — — 0,24 
361 | 38°59'3” 29°53’0” 715 85 Uleal alas 0,12) 4 _ _ — — 97,6: 
362 | 36°07'0” 298582" 3055) — — | 0,16 — | 0,19 _— —_— _— —_— 0,30 
363 | 33°30'0” 29°56’5” 2984 | 0,2 — | 0,383 | 0,32; — _ — _— 0,12 0,9" 
364 | 29°56'9” 30°007” 4495} — — | 0,005) — _— —_— _— _— — 0,0( 
3867 | 21°26'0” 30°00’9” 4779 | — — | 0,005) — — — —_— _— — 0,06 
372 | 10°29’8” 29250'8 5370 | — — | 0,054, — — —_ oa _ —_ 0,0: 
375 | 04°30’8” 29°5977” 3355.) — — | 17,9 — | 0,054, — _ _— —_ 47,90 
384 | 12°56’0” 10-m1. 30°01'4” 5400} — _— _— — — — = — — 0. 
388 | 20°01’8” 30°02’0” 4860 | — — — — — — — — — 0,02 
392 | 239041" 44°13/0” 83 | — 0,16 | 3,7 1,68 | 0,56 2 | 2556 38 —_ 48,5) 


OTJebHbIX palionos or uyssa * Wo 2000—3000 r/m? u Bpute. Han6onee cna6o: 
KOJIHMUCCTBEHHOe pa3BHTHe JOHHO cbayHbl HaGvloflaetca kK tory or 10° to. w 
(cepepHad uacTb Bpa3uuibcKkoH KoTJOBMHbI). JHOuepmatTesu B 3TOM paloHe — 
rayOuH 4860 u 5400 m — (cranynu Ne 388 u Ne 384) Onin 3ano0HeEHbI Kpac 
HOH IvJIMHOH, Ha MOBePXHOCTH KOTOPOH BCTPeYaJIHCb JIMUIb CMHHYHbIC JOH 
Hble (opamuHHndeppl. MaxpodayHa B npoOax OTCyTCTBOBauJa. 

Kpative cila6oe KOM4YeCTBeHHOe pa3BHTHe JOHHOM (bayHbI HaGuojaerc) 
TakxKe Mexkjly 20 u 30° c. ul. B palione Cepepo-AdpukaHCkOH KOTJIOBHHBI, Py 
mpeoOsaqaioT riyOuubl Oosiee 4000 M u rye, Kak Mu B Bpa3HibcKOl KOTJIOBMHe 
mojyu¥aeT pacipocrpanHenve ruyOoKoBoqHad KpacHad ruuHa. B AHOuepnate 
JIAX, B3ATbIX B 9TOM paloue, OblwIH BCTpeYeHbI OHa CHNYHKYJHJa (cTaHuHs 
Ne 367) 4 OfHa nomHxeta (craHiua Ne 364), Becom 5 mr Kaxkyag. ; 

IIpmunnbl Takoro upesBEMahHo cla6oro pasBHTHA JOHHO »%u3sHH B CeBepo 
AdpukaHcKol HW, B OcoGeHHOCTH, B BpasvubcKoii KOTOBMHaX, PaBHOrO KOTO 
poMy HeT Jlaxke B HavOouee PIyOOKOBOJHBIX UM yJlaJieHHbIX OT OeperoB palo 
Hax soxa Tuxoro u Muguickoro oxkeaHos (*), He BoOMHe sacHbl. Ha 
vOoslee BepOATHOH NPHYMHOH ABJIAeTCA TO, YTO Oe KOTJOBHMHbI pacnouaratores 
B OO/IaCTH PacipocTrpaHeHHA CeBepHOH (NepBasx) HM 1OXKHOM (BTOpad) WeHTPadb 
HbIX BOJHbIX Macc ATylaHTHYeCKOrO OKeaHa, KOTOPble XapakTepH3ylOTCA pesKkt 
BbIpaxKeHHOM cTpaTHpuKaluel HU OYCHb HU3KHMH MOKa3aTeJIAMH KOIMUeCTBeH 
HOrO pa3BUTHA MelarMyecKOH 2KH3HH B MOBepXHOCTHHIX ropu30HTax. Becbms 
CYUJ€CTBeHHbIM MOMCHTOM ABJIAeCTCA Take WM TOT *akT, YTO O6a 9TH palions 
HaXOAATCA BlaJIM OT OCHOBHBIX TeYeHHH WeHTpadbHOl uacru AtTmanTuuecKort 
oKeaHa — Kanapcxoro, ceBepHoro x 1oxKHoro Iaccarnpix u Bpa3uabcKoro — 
coBlalad C XaJIMCTaTH4YeCKHMH OOJIACTAMH, pacMOsOXKeHHbIMH K CeBepy H ICT} 
oT 15—20° c. WI. H 10. L., COOTBETCTBEHHO. 

Boulee BbICOKHX, YeM B PaCCMOTPeHHEIX Bbillle AByX palioHax, noKa3aTevel 
KOJIMYCCTBEHHOTO PasBHTHA AOHHAA (PayHa MOCTHraeT B 9KBATOPHaMbHOM UacTI 
OKeaHa (Mexyy 4 nu 12° c. mt.) —B OOnacTH TponMuecKHX TeueHHi U BLIXON 
K NOBePXHOCTH IIYOMHHBIX BO Tponocdepnt. Jlaxe Ha KpacHOl rmiuHe Hu Hé 
ruyOuHe Oosee 5000 M Onomacca OeHTOCAa 3eCb 3aMeTHO BOSpacTaeT UH u3MepseTcs 
Hecatkamu (cranitua Ne 372), a Ha cksoHax CesepHoro ATmaHTuyeckor 


,* Caelyer 3aMeTHTb, YTO B HACTOMMee BPeMA MPH KOMMUECTBEHHBIX uccMeqoBAaHUAX Mop 
CKOH JOHHOH (bayHbl MbI YYHTHIBAeM MOKA TONbKO MakpotbayHy, OCTaBaa MuKpotbayHy He y4 
TeHHoH. Ilostomy HyleBble NOKasaTenM ee He O8HAYAaOT MOMHOTO OTCYTCTBUA 2KHSHH. 
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4 
ixpeOTa, MOKpbITOrO rOOHTepHHOBBIMH WJlIaMH, BO3MO%KHO JlaxKe HW COTHAMH MuJ- 
IMP paMMos Ha | M? *, 

SacilyxkuBaeT BHHMaHHA NpHcyTcrBue B mpobax stToro paliona omMxeT 

tuna Phyllochaetopterus), k110B0B KabMapop, 3yOoB akyw1. XapakTepHo TakxKe 
Oulee OOWJIbHOe, YeM B IpeAbIAYULMX palioHaX, pasBUTHe MaHKTOHAa B MOBepXHO- 
THOM c10e O—100 m (no zan- 
HBIM IWJIaHKTOHHOPO OTp sda 5-ro 
peica «MuxanstaJlomonocosa»). 
Ee Ooulee pe3KO pa3HOO6- 
jpasve H OMOMacca JOHHOH day- 
HbI BOSpactalor K ceBepy oT 30° 
¢.m.Bpatione As3o0pckux oc- 
iTpopow (30—-40° c. w.), rye 
MaplupyT KkopaOula mpoxogua 
Hay’ rayOunamu 700 M u MeHb- 
We u re, MO aHHbIM YrHpo- 
}OrMuecKoro oTpsaya «Muxausa 
|JIoMOHOCOBa» H NOKasaHHsM 6a- 
i THTepMorpada, HaOuioavica 
| MOXbeM BO cTpaTocdeppi Kk 0- 
}BEPXHOCTH OkeaHa, HaMu Opila 
\oOHapyxKeHa Ovomacca B 
97,6 r/m® (crannua No 361), 
cocTaBleHHad TryOKaMu, Truy- 
; pOWaMu, pakaMH-OTIllesIbHUKa- 
|MH, M@JIKHMH OplOXOHOrMMH 
| MowJIocKaMu (Retusa, Cylich- 
\na, Hydrobiidae, Margaritacea) 
4 nOmuxetamu Onuphis. B mpo- 
10e MpHCyTCTBOBaJIH Takxe pa- 
KOBHHbI YKa3aHHbIX OplOXOHO- 
ruxX MOwocKOoB (11 wryk), 
CTBOPKH JBYCTBOPYaTHIX MOJI- 
JocKoB (20 wityk), oTMeprive 
oquHouHBIe Madreporaria (oKo- 
0 40), NaHWHpH MeIKHX exKelt 
(oxon0 20) u Tpy6Kka nomHxe- Puc. bey aCOTOMCHNE, CCRAIE A a eee 
mt? CoM. Serpulidae. eehspome is hae i eouesiaaeenae Speen 
Hee A30pcKHX OCTPOBOB, B 06- 
‘jacru Cepepo-Arjantruueckoro tTeyeHua (Mexyy 40 160°C. m.), npoxoxauero 
'B 9TOH YaCcTH OKeaHa Ha rayOuHamu B 2500—3000 Mm u Oouee, Ouomacca 
JOHHOH dayHbl CHOBa pe3KO CHM xKaeTcH. OHaKO OHA He OMyCKaeTCA 3eCb 
HwxKe 230 mr/mM?, yocrurad Ha craHinax WNeNe 352 u 304, re uMeer 
MecTO NOBbilleHHe Ha 10 2836—2382 m, 1—5 r/m?. 

Oco6eHHO BbICOKUX MOKasaTeJeH KOMYeECTBEHHOTO pa3BHTHA NOHHaA day- 
Ha focruraet K ceBepy oT 60° c. W., B paloHe, coBMayalollem c OO/lacTamMu 
cyOapKTHyecKOH KOHBepreHiHH — B3aHMOJeCHCTBHA OTHOCHTebHO  TEIWIbIX 
ceBepOaTMaHTH4eCKHX BO C XOJIOMHbIMM aPKTHYeCKHMH BOJaMH, —T. e. C 
TeMH OG/IaCTAMH OKeaHa, KOTOPbIe XapaKTepH3YIOTCA HHTCHCHBHBIM MepeMellin- 
BaHHeM BO], BbICOKHMH KOHIeHTpaluaAMH OMOreHHbIX SJIeEMeHTOB MH OOWJIbHbIM 
PasBuTHeM NedarMueckoli M NOHHOH XKWSHH. 

Upespptalivo XapakTepHb! Jit WaHHOrO paHOHa KOMOCCaIbHbIe CKOMICHHA 
‘Ty60K, oOpasyroulux 3yecb Ha rayO6uHax 1000 m u Oouee Onomaccy B 2000— 
3000 r/m? u Bpitle, HanoMuHad WesrbioBnle palionnt AnTapKTuku (*) uM 1ro- 
sanayuHyio yactb Bapenuesa Mops (?). 

Haxoxjlenne Ha riyOunax B 1000 M u Oovlee Takoro OoMbUIOrO KOMMYeCTBAa 

* Haxooymenue na ctanuun Ne 375 KpynHoro 9K3eMIIApa CHNyHKyuybl BecoM 3,35r 
MbI CUHTaeM CJlydaHHbIM. 
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HO MHTeHCHBHBI mpollecc onycKaHua OoraTbixX NHIMeBbIM MaTepHaJlOM (c 
MHpalolllHM IlJlaHKTOHOM) MOBepXHOCTHBIX BOM OKeaHa. Hu B OfHOM Apyr' 
palione Muposoro okeaHa WO CHX MOp He HaOuOLaoch elle TAKOTO OOHJIbHO 
pasBuTHa T OOK Ha CTOJb_OOMbUIMX ruiyOuHax.'§ 
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Puc. 2. Pacnpegenenne 6uomaccpl JOHHOH dbayHbI Ha lowe ATaHTHYeCKOrO OKeaHa 10 
30-my mepHaMaHy (no JaHHbIM 5-ro pelicaskcnequmvoHHOrO cyqHa «Muxana JIoMOHOCOB)) © 
, 


Takum O06pa30M, MO KOJIHYeCTBEHHOMY Pa3BHTHIO JOHHOH 2KH3HH HO ATula 
THYeCKOrO OKeaHa 10 30-My MepHyHaHy MOXKeT ObITb pasqeeHO Ha Be Yac’ 
(pHc. 2): Ha HaHOoulee rry6OKOBOLHYyIO H UpesBHlyaHHO OGeHEHHY1O (Cc HEKOT 
PbIM NOJbeEMOM OHOMACCHI B SKBATOPHAJIbHOH 30HeE OKeaHa) YaCTb, pacnooxe 
HY!O B OO/IaCTH pacipocTpaHeHHA MaJIOMPOYKTHBHBIX WeHTPaJIbHbIX aTJAaHT 
yeCKHX BO, (K ory oT 30° c. W.), H Gosee MeKOBOHY!O HM Oostee GoraTyt0 B C 
HOWICHHH KOJIMYeCTBEHHOFO pa3sBHTHA JOHHOH 2KH3HH — CeBepHyIO (Kk CeBepy 


Ta6muna 2 


Uncso 


craHunit I'ny6uHa B M | Buomacca B r/M? 
67—60°c.u. 2 2351 (2022—2681) | 17,8 (12,7—22,9) 
60—40°c.m. 4 2778 (2382—3318) 1,6 (1,2—5,4) 


30° c. Il.) YacTb C ABYMA paiioHamu OOubHOrO pasBUTHA JOHHOL cayHbl —pak 
HoM 60—67° c. ul., CoBMaalOHM C OOacTbIO cyOapKTHYecKOli KOHBepreHUHH, I 
AOHHaA (ayHa AocruraeT OcoOeHHO BBICOKUX MOKasaTeell KOMUeCTBEHHO 
pasBHTHA, H pakoHoM 38—40° c. Ul., NOBBIeHHOe pasBHTHe (bayHbI B KO 
poM OGyc1OBHBaeTCA O.Ius0cTbIO AsopcKoro apxulewlara M BEIXOJOM K MOBet 
HOCTH T'vIlyOMHHBIX BO crpatocdepbl. B mpeyesax nocuequeli (ceBepHoi) 4ac 
OTHETJIHBO MPOCJe2KHBaeTCA YMeHbUleHHe OMOMaccbl JOHHOM cbayHbI Ha CXC 
HBIX IlyOMHaX B HallpaBJeHHH Cc CeBepa Ha Jor (cM. puc. 2 u Tabu. 2). 
VuctutyT okeanosoruu Tloctynu0 
Akayemuu Hwayk CCCP I XI 1959 
UHTMPOBAHHAS JIMTEPATYPA 


pine M. Beases, JAH, 112, Ne 1, 137 (1957). 2 JL. A. S3euKxespuy, Pay 
H OHOJOrHYecKaA NpPOyYKTHBHOCTb Mops, 2, M., 1947. 31. A. 3enxKeBr 
ie oa. aes, JJAH, 130, Ne 1 (1960). 4R. J. Sparck, Nature, 168, Ne 42 
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. Jloxnage Arkagemunu nayr CCCP. 
1960. Tom 130, Ne 6 


ITAJIEOHTOJ/JIOTH A 


r MW. A. WJIbBHHCKAA 


OB OCTATKAX 3OLLEHOBOH ®JIOPbI H3 FOPbI KMHH-KEPHILI 
B 3AMCAHCKOM BIAJHHE 


(ITpedcmasaexo axademuxom B. H, Cyxaueesim 20 X 1959) 


Topa Kunu-Kepuu waxogutca B 17 KM kK ceBepo-BocTOKy OT BOCTOYHO! 
KOHEYHOCTH 03. Salican. OctaTkH McKOMaempix pacrenuii na r. Kunu-Kepumt 
BIH OOHapyKeHb! H coOpaHbt BMepBpie B. K. Bacusenxo nu E. M. Benuxon- 
koi B 1953 r. B AByX pa3HBIX ropH3oHTax. B. K. BacnmenKo Kpome ocrTaTKOB 
CKONaeMbIX pacreHHH OOnapyxu Ha Kuny-Kepuuie kocru Kpynublx n03BOHOU- 
bIX MH pblO. PyKoBoJcTByACb ero yKa3aHHAMH, NameoOuosornyueckuii orpaa Un- 
Turyta soo70rmau AH KasCCP, 8 xoropptii Bxogqum u aBrop, B 1957 rT. 
oOpan Ha Kuun-Kepnuie MHorouncJeHHbIe OCTaTKH MO3BOHOUHEIX 2%XHBOT- 
BIX: OPOHTOTepHeB, XaJIMKOTePHeB, TaMHpOB, pa3MUHbIX HOCOpPOroB, BOHBIX 
M CYXONYTHBIX Yepenax, KpoKoquso0B u T. A. (1). Ha puc. | noKa3aHo, nom0xKe- 
due PaCTHTeJIbHbIX HM XXMBOTHBIX OCTATKOB B pa3pese r. Kunu-Kepum. B padore 
|IPHHATO pacuwleHeHHe MawleoreHa SalicaHcKOH Bab, mpeloxKeHHOe 
JlappoBrm u Epodeespim (7); TOIbKO Ha3BaHHe CeBepo-s3alicaHcKad CBUTa 3a- 
‘MeHeHO Ha IIPMOpuTeTHOe HasBaHHe MaHpakcKkas. M3 MaHpakcCKOH CBUTbI MHOW 
oOpaOotaHp! 3 HeOONbIIHe KOWIeKUMH Ha WOKONAaHbIX TIMHaX, 3aKJOUaIO- 
mue Bcero oxoo0 100 orneyaTKOB pacTeHu. OTH KOWIeKIMM, a TakxKe KOVJI- 
JeKUMH W3 TYpaHrHHCKOH CBHTbI, YNOMHHaeMble JlaJiblile, XpaHATCA B MavJeo- 
OoTaHuyeckoM oTyleze Botanuyeckoro unctutyra AH CCCP Bs Jlenuurpaze. 
M3 Hux Kowuexuua BenuKoscKon (449B) u ofHa u3 Komekuni B. C. Epode- 
epa (4491) 3aKmiouaioT OJHY H TY %e PIOpOHOcHy!O MOposy — TeMHO-IWOKO- 
JafHy!0, OU€Hb TOHKO3EPHHCTY!0 TIMHY, MepenoJIHeHHy!0 OTHeYaTKaMH CBOeOO- 
pasHoH, O CHX Op HeH3BeCTHOH KpacHOH BoZopocau NitophyHites zaisanica 
Zinova et Iljinskaja gen. et sp. n. u3 mogcem. Nitophylleae cem. Delesseriaceae. 
KpomMe Hee ecnopaduuecKH BCTpedaloTca OOpbIBKH Y3KHX JIHMCTbeB OHOJOJIb- 
HbIx: Phragmites oeningensis A. Br., Poacites sp., Cyperites custeri Heer, Ca- 
rex scheuchzeri Heer u eHHHUHBIe OTNeUAaTKH JIMCTbEB JByAONbHbIX. M3 AByob- 
HbIx TObKO Ilex palaeogena Iljinskaja sp. n. (puc. 2, /) BerpeyeH B OOeHX 
KOJIJI@KUMAX, TOrMa Kak Lindera vassilenkoi Iljinskaja sp. n., Fatsia cf. japo- 
nica Dene et Planch. u cf. Pterospermites minor Ward. BcrpeyeHb! TOKO 
B cOopax E. M. Beauxoscxoi, a Dryophyllum curticellense (Wat.) Sap. et 
Mar — TobkKo B KOsmeKMH B. C. Epotbeepa. Tako Kommuiekc HcKOMaeMbIxX 
PacreHu O6HapyKeH BrepBble. OH OTHMYaeTCA OONbINOH apXaHYHOCTbIO HU CO- 
ep2%KHT 2/leMeHTbHI TypaHrHHcKoH dsoppt cBuTel r. Kunu-Kepum. J[pyraa 
Koumekiua B. C. Epodeepa (449]]), coOpanHaa HM u3 cjl0eB, paCcMO/IO%KeHHbIX 
eTpaTurpaduyeckuw Hay cJIOAMH, OTKYla Oblia coOpaHa Komnekuua 4491, 3a- 
KlOuaeT OOPasUb CBeETIIO-INOKONaTHO, SOoee rpyOosepHUcTOH rainub. B stor 
KOJWJI€KIMH OOHapyxeH Bcero | orneyatoK Nitophyllites zaisanica, 3 orme- 
yaTKa BOZHOrO nanopoTHuka Salvinia natonella Shap., 5 ormeyaTKoB XBOH 
Torreya sp. u 8 orneyaTKos suctrbes Leucothoe (Andromeda) kuschkensis 
(Vassilevskaja) Iljinskaja comb. n. Tocnequnit Buy Ont OOHapy2KeH B Macce 
B 9OIeHOBLIX oOToxKeHuAX ©. Monax B TypkMeHun (*), Torfga Kak Torreya 
HaiileHa B TpeTHUHBIX oTOxKeHMAX KasaxcraHa wu Cpesneli Asuu BmepBue. 

Vis TypaHrMuckKoli CBUTEI MHOH OOpa6orannt cOoppr 1953 u 1954 rr. B. K. Ba- 
cHleHKO (koeKuuA 449), mon cOoppt 1957 r. (KOmIeKUHA 449A) u cOoppt 
B. C. Epoeesa (Komexuua 4495) u3 OHO u TOM %e POPOHOCHON JIMHSbI 
6enol FIWHb! Cc OxKee3HeHHBIMA KOpouKamH. Bo sBcex cOopax oOHapy2KeHO 
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403 onpefenumplx oTmeyaTka pacTeHult, KOTOpple mpuHannexat 28 onpen 
JIGHHBIM H 5 HeompeyzeueHHEIM (opMaM: . 


Cem. Taxodiaceae: Taxodium dubium 
(Sternb.) Heer 

Cem. Gramineae: Graminea sp. (uemyn); 
Graminea sp. (ccOoMHHa). 

Cem. Cyperaceae: Cyperacites ci. angu- 
stior A. Br.; Carex scheuchzeri Heer. 

Cem. Salicaceae: Populus kryshtofovichii 
Iljinskaja sp. n.; P. arnaudi (Sap.) 
Iljinskaja comb. n.; Salix stupenda 
Sap. 

Cem. Myricaceae: Myrica acuminata Ung.; 
M. cf. lignitum (Ung.) Sap. 

Cem. Fagaceae: Dryophyllum curticellense 
(Wat.) Sap. et Mar.; D. dewalguei Sap. 
et Mar.; D. kryshtofovichii Iljinskaja 

Cem. Betulaceae: Ostrya sp. (memouek); 
Alnus ex gr. subcordata CAM 

Cem. Ulmaceae: Zelkova ungeri Kovats. 

Cem. Menispermaceae: Tinospora? auricu- 
lata Iljinskaja sp. n. 


Cem. Lauraceae: Lindera vassilenkoi II ji: 
skaja sp. n. 

Cem. Platanaceae: 
Goepp. 

Cem. Rutaceae: Rutaceites zaisanica I1j 
skaja gen. et sp. n. 

Cem. Vitaceae: Ampelopsis schischki 
Iljinskaja sp. n., Vitis sp. 

Cem. Tiliaceae: Tilia sp. (mpuHupetHuk) 

Cem. Sterculiaceae: Sterculia sp. 

Cem. Styracaceae: Styrax sp. 

Cem. Oleaceae: Fraxinus sp. 

Cem. Apocynaceae: Echitonium sezannens 
Wat. 

Cem. Convolvulaceae Porana macranta Hee 

@opmbl HeompegzemenHoro poycTBa: «L 
quidambar» dubia La Mott; Phyl lites I: 
ciniatus Iljinskaja; Elaeoides lanceoli 
ta Web.; cf. Cupanites formosus Berry; ¢ 
Myrica fraterna Sap. 


Platanus aceroidi 


| 


Bo dope ABHO TOcnOACTBYIOT JBYOJIbHbIe, a H3 HUX CepeKKOLBeTHBI 
OxouIO NOJOBHHEI BCeX OTMe¥YaTKOB MpHxo_uTca Ha PopMasbHBIK pox Dryc 
phyllum, xapaxtepHbti qua TeimuyenckoH mpoBHHUHH HW HavaJIbHbIX 9TallO: 


$5 


400 


ane 


"G6 ke $8 


Puc. 1. Cxematuuecknit paspes r. Kunu-Kepnm no B. C. Epodeesy( npogonpusiit paspe3 
Oc cKJlaqKu). 1 — MaHpakckas (ceBepo-3alicaHcKas) CBHTa: BHUSy H BBepXy MATHHCTBIE ai 
BPHTHCTbIC TVIMHbI, NPCHMYUICCTBCEHHO KaOJIMHOBBIC; B CpeHeH YacTH pa3pe3a — KAPNUIHC 
KpaCHbl€ TOJICTONIMTYATHIC MIMHbI («KHPMMYHbIC> PIMHbI); 2 — TypaHlHHCKasd CBUTa: 20MOMOROL 
HbI€ CBETJIBIC aJIEBPHTbI C MPOCOAMM aJIEBPHTHCTHIX TIMH, B OCHOBAHHM TOHKO3€PHUCTHIe KOC 
CJIOMCTHIE MECKH C TEMHBIMH LITPHXaMH KOHILCHTPallMu HIbMeHHTA, OOHIME JIMMOHHTOBBIX KOpoue 
H MapraHueBbiX KOHKpelMh; 3 — Ty3kaOakCKaA CBHTa: 3€/1CHOBATO-Cepble alCBPHTHCTHIC TIME: 
€ MpOcOAMM TeMHBIX TIHH HW M€CUaHHKOB Ha KapOOHATHOM ILEMCHTe, COMME MEPreJIbHbIX KOHI 
peuwh; 4— HwKHeUeTBepTHUHBIe raevHHKu; 5— KOHTAKTbI CBUT pesKue (c pa3MbIBOM); 6- 
KOHTAKT C MOCTeEMCHHbIM Tepexoyom; 7 — dbayua; 8— daopa; B— aunsa Oenpix PAM C OK 
Je3HCHHBIMM KOpouKamu; E — (ropoHocHple CON WOKOMAAHEIX TMH. M3-3a 6ombuolt cxemaTH 
HOCTH Ha pe3pe3e He MOKa3aHO, YTO BbIMIe ycTyna c P@ucpoH B cOunaxaerca ropu30HnT MadMA 
BO-OPaHKEBbIX TIMH, KOTOPbIM MpOCAexKUBAeTCA Ha JHE PasMbITOrO yuacTKa HW2KE KOCTECHOCHOI 
COA TypaHrMHCKOH CBUTHI (IpuMeyaHHe MH. A. Mabuncxol) 


TosrascKort OOJlacTH MpeuMyliecTBeHHO BeuHOsereHOH duopn (4). Bropo 
XapakTepHeHiiuH But dsioppt — Populus kryshtofovichii (puc. 2, 8) - 
oOHapyxuBaer cBa8u c TpenmaHickoH nmpoBunttveli npeuMyuecTBeHHO JIMCTC 
mNalHOU Coppi. Octasibuble Bub! WIM OTHOCATCA K TeJIMHJeHO-NOTABCKOM 
SJICMEHTY, HIM MSBeCTHbI JIA TesIMHJe@HCKUX H MOJITaBCKUX qbiop, xoTa 6oue 
XapaKkTepHbI Aid Pop rpeHaHcKo-Typraicxoro Tuna. M3 Hux nocTrosHHbIM 
KOMMOHEHTaMH (bioppl ABsiorca Populus arnaudi, Myrica acuminata, Ze 
kova ungeri, Lindera vassilenkoi (puc. 2, 4, 5), Rutaceites zaisanica (puc. 2, ¢ 
u Ampelopsis schischkinii (puc. 2, 2). Ocranbuble Bue BCTpevaloTca eEAMHMUHE 
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-BepOATHO, TeM, 4TO dopa 


_ POpHoro Tosca, TOra kak paHee 


| KaJIbHBIX TOAcoB. CoBMelleHHe 


t 

XapaktepHou yepToi paccmaTpuBaemol cbiopbt aBAaeTcA 3HauHTeNDHaA povIb 
B Het PopMaJIbHBIX POJOB H OONbIUIOe cBOeCOpasHe BUOB, NpPHHaexKalux 
COBPeMeHHEIM pOflaM. CoctaB (bl0pbt CBHJeTeIbCTByeT O ee 3OLeHOBOM WJIH, 
BO BCAKOM CJIy¥ae, He Ooslee MOJOAOM, YeM HW KHEOMHTUMeHOBKIH, BO3pactTe. 


HanOouee OnusKkH K 9TOH dope Kuun-Kepnuia HwKHes0leHopan (pulopa 
Bukokc 43 10ro-BOCTOUHOL 


Ces. Amepuxu (5, °), pepxneso- 
WeHopaa dopa WDyiwtyHa us 
Maxpuxypun (*) 4 BepxHeaolie- 
HoBasd duiopa Mena u3 Ppanuun 
(°,°). Ha Kuuu-Kepume snep- 
Bble Jia CCCP u Asun o6napy- 
*%KeHbI OcTaTKH poga Dryophy- 
lium B MaccoBoM KOvIMueCTBe. 
OrcytcTBHe CxOJcTBa 3TOH (ps0- 
pbI C HanOovlee OIH3KMMH K Heli 
TEPPHTOPHaJIbHO 9OILeCHOBbIMH 
@iopamu Kasaxcrana (1°) u 
CpezHet Asun (*) o6bacuaertca, 


Kuuu-Kepuitia orpaxkaet sec- 
Hbie TPyNMHpOBKH cpelHero 


HSBeECTHBIe CsOpbl OTpaxKaloT 
SOIleEHOBbIe JIeca APyrux BepTH- 


BH3yYeHHOH (lope resMHeHO- 
NOITaBCKHX HM TpeHaH]CKHX 
3JIEMEHTOB, BEPOATHO, BbI3BaHO 
6nusoctbio Kuuy-Kepuma «k 
IWWHPOTHOM rpaHulle Mexyy 0o0- 


WaCTbIO TIPCHMYIECTBEHHO JIMC- Phe: 2 Xaparrepime aoswe even! qHoem ReRERe- 
Se ee puma. Maupaxckas cputa: / — Ilex palaeogena "Ijin- 
OGaCThIO IPeHMYULeCTBEHHO = gkaja.;_ TypanruncKas cButa: 2— Ampelopsis schi- 
BeUHOSeICHOH PAaCTHTebHOCTH.  schkinii Iljinskaja,_38— Populus kryshtofovichii 
STO npesnonoxeHHe BOMHe co- Hjinskaja, 4, 9— ee a Mag ci Tljinskaja, 
rmacyerca c 9Toli rpaHuleli, Ha- 6 — Kuraceites zalsanica Iljinskaja 
mMeyeHHoh A. H. Kpuurrodosn- 
yem (1). CocTaB H MeIKOJIMCTHOCTh U3y4eHHOH (Opbl CBULeTeJbCTBYIOT O CyOTpo- 
IMYeCKOM, JOCTaTOUHO %KapKOM HU CyXOM KJIMMaTe SalicaHCKOH BNaQMHb! B KOHIE 
soueHa. Anamu3 duoppr Kuun-Kepuula yKa3pipaeT Ha 3HaUHTeJIbHbIe H3MeHeHHA 
IPHpOAHEIX ycOBHH, KOTOpble MpousowH B SalicaHcKOH BNaquHe Mexyy 
BePXHHM 301leHOM HM cCpeqHHM OvlHromweHOoM. B cpeqHeM OJIMrOlleHe KJHMAaT 
cTaJl MeHee 2KapKHM, HO Oovslee BJlaxKHbIM, O€3 KakHX-HOO ceMOB Aeduluta 
Bularu, O 4eM cBHJeTelbcTByeT (mopa r. Autytac (7"), a dopa remMHeHO- 
NosTaBcKoro THMa C MpHMecbiO rpeHaHACKOrO 92uleMeHTa yCTyMMJla MecToO 
THMMYHONH TypralickoH sucTONaqHOH dulope. 

Botanuyecknii unctuTyT um. B. JI. Komaposa Iloctrynusio 

Axaylemuu- Hayk CCCP 18 X 1959 
UATHPOBAHHAS JIMTEPATYPAS 


1B. B. Jiappos, B. C. Bawauos, Bectu. AH KasCCP, Nel (1959). 
Se bsaibaw pos, BoanG: -Epo@eesp; Bectu. AH) »KasCCP, \.Newiieedoes, 
. Jl. Bacuanescexkasa, COopn. namata A. H. Kpumrodosuua, 1957. *H. A. Uab- 
ckasa, COopx. namatu A. H. Kpuurrcosmya, 1957. ° E. W. Berry, U. S. Geol. 
Surv. Prof. Pap., 91 (1916). ® E. W. Berry, U. S. Geol. Surv. Prof. Pap., Ne 156 (1930). 
7S. Endo, Proc. Imp. Acad. Tokio, 10, Ne 8 (WO ea abe IL, au rent, Ann. mus. 
Hist. Nat.-Marsellie-Geologie, 14 (1912). ® E. Piton, Paleontologie du gisement eocene 
de Menat, Paris, 1940. 1° JI. 10. Byzauwes, COopx. namatu A. H. Kpuurcdosuya, 
1957.2 A. H. Kpumtogosny4, Bonp. reo. Asun, 2 (1955). A. H. Kp umto- 
dosnun4u, UW. B. Wanu6un u Qp., Tp. Botan. unct. AH CCCP, cep. 8, B. 1 (1956). 
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Jloxaaygn AkayeMum HaykK cccP : 
1960. Tom 130, Ne 6 — ? 


I 
| 


é 

TFHCTOJIOTH 4: 

B. ©. MYEJIAKOB 

K BOMPOCY O JIKOMHHECIEHUMM PJIA3A 3APOJbILIA UEJIOBEKA 
(ITpedcmaeaeno axademuxom H. M. Ill maaveaysenom 28°X 1959) a 


Viszecrupie HccieqOBaHuaA 10 JIKOMMHecIeHuM Tia3a (17%) nOcBALeHBI 
rlaBHbIM OOpas0M M3y4eHHIO OMOXHMMYeCKHX BOMPOCOB, a HMeHHO KJIeTOUHON 
oKaJiv3alHH BuTaMuHa A u By. Tipu stom ofnu aproppt (°) yKa3bIBaloT Ha JI0- 
Kaslu3alvio BuTaMuHa AB coe namoueK H KOOOUeK ceTYaTKH; Apyrue (3), 
u3yai JOKav3alluio BUTaMHHa B,, CuHTaIOT, YTO NOCeLHHH KOHIeHTpHpyerT- 
CA B IIMPMeHTe CeTYaTKH; OTCIOa BUTaMHH B, TOMbKO MOCMepTHO nucby wMpy- 
eT B NOrpaHWuHble TKaHM, OOYCJIOBIMBad HX CBeyeHHe. Rl 


Puce. 1. Tas sapogpina 6 neyenb. a — nepBuHad JIOMHHeCHeHIMA, HeliTpanbHbli cbopManlHH 
(10%), 06. 3, ox. 7X; 6— BTOpH4HAad JIOMMHECIeCHUMA, HeHTpambubi dopmamun (10%), 
aypaMHH C pogaMHHoM, 00. 7, ox. 8X: 1 — dsmuTeIH poroBulbl, 2— meseHxuma poroBHuyl, 
3 — cklalKu BeK, 4— xpycTamuKx, 5 — cocyybl, 6 — BHYTpeHHHM sucTOK raasHoro OoKaua, 
7 — HapyKHblt MMCTOK raasHoro OoKala, 8 — coli HEpBHbIX BOMOKOH, 9 — 3puTebHbI HepB 


Bce 9TH uccleOBaHHA MpOBeseHbl Ha MaTepHasie OT B3POCAbIX OPraHH3MOB. 
J[pyrux pador mo JOMHHeCHeHWHH TKaHeH Tvia3a, OCO6eHHO y 3apOmbilel u 
MVJIOQOB UYeOBeKa, IIpH¥eM C MOpdOJIOrMyeCKHM YKJIOHOM, HaMM He HalieHo. 

OObekTOM Halliero HccuIeqoBaHHA Obimu Tia3a 47 3apomputiell uenoBeKa 

B Bospacte OT 4 Hejleb AO 5,5 Mec. u | HOBOpoxyeHHOrO. IIpopogzusmocb usy- 
YeHHe MepBUYHOH HM BTOPHYHOM JIOMHHeCIeHMM B CHHe-(:bHOMeTOBEIX sIy4ax 
(*) w ucceqoBaHve OObMHBIMH FHCTONOrHYeCKHMM MeTOJamMH (OKpacKa TeMa- 
TOKCHJIMHOM B CO¥eTAaHHHM C ApyrMMM KpaCHTeIAMH, OKpacKa Ha BOJIOKHUCTHIC 
CTPYyKTYPpbI). 
‘ss Ha paHHux ctaquax (4— 5 Helleb) pa3BHTHA 3apofpilia yenoBeKa 6Oub- 
Wel MepBHYHOM JOMHHeCIeHIMeH OOsaqaeT XPyCTaIMKOBBIli My3bIpeK M Tvia3- 
HOH OOKaJI, CBeTALHeCA MHTCHCMBHBIM CBETJIO-3eJIeHLIM WBeTOM. BuyTpeHuHit 
JIMCTOK Tyla3HOro OOKaJla CBETHTCA Apye, YeM HapyXKHbIl. CrenenHb JIOMMHeC- 
WeHIHH B STOM CJly4uae 3aBHCHT OT TOJIMMHbI CTPyKTYPbI. Ouenb cyia6o mOMHHeC- 
WupyeT Me3eHXHMa. 
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_ Y s3apogpniia B 6 HeJerb (puc. 1 a) u3mMensercs JUOMHHeCHeCHIMA BHYTPeH- 
Hero JIMCTKa: Hapy2kHad YaCTb BHYTPeHHEPO JIMCTKa CBeTHTCA Ape, UeM BHYT- 
PeHHAA 30Ha. OTO 3aBMCHT OT NOABJeHUA B MocneLHeli HeEPBHbIX BOJIOKOH. 

Ileppu4ynasd JNOMHHeCHeHIMA B TOHKOM cqOe oTMeuaeTca HB Hapy2KHOM 
JIMCTKe Tla3HOrO OOKaJia, TOUHee B 6a3a/bHOL MeMOpaHe MHPMeHTHOrO 9MUTe- 
Ja. OcoOeHHO APKO JuOMMHecMpyer xpycraauK, MpHY¥eM KOpPKOBOe Bellect- 
BO CBeTUTCH OOwlee MHTeCHCHBHO. SaMeTHO JIOMMHeCIMpyer Me3eHxuMa poro- 
BUbI (Ha pwc. | a 9nn- 
TeIHH pOroBulbl cmelln- 
aJIbHO CJIyWeH) H ca6o— 
SIMTeIMH  PpOroBullbl u 
cKlafoK Bek. MeseHxuma 
BeK H 3aHeli YacTH ruiasa 
He (1roopecilupyer. 

IIpu o6pa6orKe rua3a 
@J1t0OpOxXpOMaMH oOmNcaH- 
Hble OCOOeCHHOCTH JIIOMHHe- 
CICHUHH BbIpaxKeHbl PeJb- 
edbHee (puce. | 6). Oco6ex- 
HO SAPKO JIOMHMHeCLUpyer 
Hapy2XHaa 30Ha BHYTPeH- 
Hero JIMCTKAa rla3HOrO O0- 
/Kala wu cmado — con 
HePBHbIX BOJIOKOH, OOpa- 
3YIOULHX Jalee 3pHTeJIb- 
Hbid «HepB. Hapykuplli 
JIMCTOK Tvla3HOro OoOKaJa 
CBeTHTCA B BHJe TOHKON 
enouKH, KOTOpadA asiee 
TlepeXOUT Ha 3pHTeJIbHbIH 
HepB MH MOKpbiBaeT ero. 

IIpu sropwunon aio- 
MMHeCcleHWM 3aMeTHa MH- 
rpalua Me3@€HXHMHBIX 
KJIETOK K XpycTaJluKy H 
@opMupoBaHHe 3ecb Co- 
cy4MCcTOH KancyJbl Xpy- 
cTasluKa UW Jamee — cocy- 
OB CTeEKJIOBHAHOPO Tesla 


3pHTesbHOrO HepBa. Cxule- Puc. 2. Yrom rasa HoOBOpoxKenHOoro. a — nepBu4unaa 
paJibHad YaCTb Me3eHXUMbI JNOMHHECLEHUHA, HeHTpatbuEIH copmMamun (10%), 06. 7, 
M Me3seHXuMa OyAyulel ox. 8X; 0 — BTOPHUHAA JIOMMHCCHCHIMA, HeHTpabHbIi 


cbopmauu (10%), aypamun c pozamuuom, 06. 3, ox. 7X: 


oy AMCTOM OOOOUKU Me- ] — smuTesui poroBulbl, 2— COOcTBeHHOe BeLECTBO po- 


peZHeH MOMOBHHEI Tvia3a roBuubl, 3 — jeclemMeToBa MeMOpaHa, 4— jecljemMeToB 
JIFOMHHECIMp ytOT apye, 9HMoTeIHH, 5 — cKepa, 6 — pecHu4yHoe Teno, 7 — pec- 
ueM B 3aJlHeli MOOBUHe. HMYHad YacTb ceruaTKu, 8 — pecHMuHbIe oTpocTKH, 9 — 


Y sapospnua 9 Henenb cocygbl, /0 — payxuasa OOonouKa, 11 — xpyctanuK 


B ceTuaTKe APKOH coocT- 
BeHHOH dlloopectleHttve OOalaeT CIO Malo¥eK HM KOIOONeK. B xpyctamHKe 
KOPKOBad WM WeHTPasbHad efO YaCTH CBeTATCA Apye, YeM MepexoAHad 30Ha. 
B BeKaX C MOMOULbIO ZTOFO MeTOAa XOPOUWO BbIABJIAeTCA Mpolecc oOpa3o- 
BaHHA MbBILLI, JIOMHMHeCIMpyIOWlHX xApye, YeM OKpy2xKaroulad MeseHxuma. B 
poroBulle HHTeHCHBHO (ploopecliMpyeT 9MMTeIMH M eclleMeTOB SHJOTeHH. 
BuyTpeHHAd 30Ha POroBHlbl, BCeACTBHe MIOTHOrO pacnomOxXeHHA BOJOKHHC- 
TbIX H KJI@TOUHbIX 9JIEMCHTOB, CBCTHTCA HHTeHCHBHee, YM HapyKHaA 3OHa. 
C yBenuueHveM Bo3pacta 3apOfplilla cTeMeHb JIOMMHECIeHIMH CTpyKTyp 
ria3a u3MeHaeTcA. Y OMHHX OOpa3s0BaHHH (cKJIepa, XpycTaJIMK, CeTYaTKa) 
cBeueHHe ycusuBaerca, y Apyrux OcTaeTCH HeH3MeHHbIM HIM YyMeHbIlaeTca. 


12 JAH, rv. 130, Ne 6 


Y sapofpitia B 5,5 Mec. B poroBulle rasa BMepBble CTaHOBUTCA 3aMeTHO! 
BTOPHUHAA JIOMHHeECHEHIMA JeCleMeTOBOH OOOIOUKH. 

Y HoBopoxKJeHHoro HanOoee APKOH TepBMYHON JIOMMHeCHeHIHeH 06: 
jafaeT xpyctasiuk (pvc. 2a). IIpu stom ocoOeHHO APKO CBeTATCA KOPKOBaH | 
IeHTpaJibHaA uYacTH xXpyctauKa. Tak ke MHT€HCHBHO CBeTHTCA PeCHUUHOE 
Teo HW ceTuaTKa. B WHWapHbIxX OTpOcTKaX (uloopecilupy!oT KPOBeHOCHBIE 
cocyAbl HM peCHH4HaH uYacTb ceTYaTKH. CksJlepa JIKOMMHECIMpyeT HECKOJIbKC 
cna6ee, YeM pecHHuHOe TeiO. CoOcTBeHHOe BeLeECTBO KOHBIOHKTHBHI WH Poro: 
BUIbt JOMHHecIupyer cua60. XapakTepHbIM H3MeHeHHeM (pjloopecileHHt 
ABMAeTCA OOsIee HHTCHCHBHOe CBeYeHHe AeclleMeTOBOH OOOOUKH UM JeclleMeTO: 
Ba 9HfoTemuA. B pakyxXHOH O6004UKe MHTeHCHBHO JIIOMMHECIMpyloT SHOT: 
WMH, COCyAbI, pay2xkHat uvacTb ceTuaTKH. CrpykTypbi, OOaflaiolulHe NepBHY 
HOH JIOMHHeCIeHIMelH, MpH OOpadoTKe GullOOPOXpOMaMH CBeETATCA Pa3JIHUHbIME 
iBeTaMH (pc. 26), ro MOMOraeT UX DudpdepenuupoBars. IIpu Bropu4yHON JOMH: 
HECICHUHH XOPOWO BHIABJIACTCA SMUTeIMH POrOBHIb! H KOHDbIOHKTHBHI. J[ec- 
IleMeTOB SHoTeIMH B CpaBHeHHM C 9SIMMTeMeM POroBHIbl CBeTHTCA cyabee. 
Han6onee apKo dawopecttupyior xpyctamuk u ceruaTKa. IIpu sTom pasH4u- 
HbIe HX YYaCTKH JIOMMHECIMPYIOT MO-CBOeMY, UTO YKa3bIBaeT Ha HEOJHOPOAHOCTE 
UX COCTaBa. 

IIpw noMouLM MeTOa BTOPHUHOH JIOMHHeCIeEHUMH B H3y4eHHH FHCcTOreHe3e 
CTpykTyp yflaetca Oosee pesbetpHO NpocseqUTb Npollecc pasBUTHA MW COCTAaE 
CTpyKTyp. IIpuH sTOM syULIMMH *IOOpOXpOMaMH ABJIAIOTCA AKPHAMH OpaHrke- 
BbIM H aypaMHH C pOJaMHHOM. 


OxecckHH MCZHUMHCKHH MHCTHTYT Tloctynusto 
um. H. VW. IIuporosa Pee) DS OBS) 
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TEHETHKA 


M. A. PANONOPT 


MNPABAA HW JIEBAA MOP®OJIOTHYECKAS ACHMMETPHA, 
BbISBAHHAA ONTHYECKHMM H30MEPAMH 9METHHA 


(ITpedcmaezexo axademuxom H. H. Cemexosoim 22 VII 1959) 


B 1947 r. Hamu Onta onucan adhbexT AByxX NpMpOAHDIX aKaOHLOB — mpo*’ 
W3BOJHbIX H3OXHHOJMHA, HHAYUMpOBaBLUMX OUeHb YeTKYIO MOpdomornyeckyto 
aCHMMeTPHIO y Ky KOJIOK H B3POCJIbIX HaCe€KOMBIX po30duubl (*). OTH alKaNOubI— 
OybOOKanHHH H SMeTHH — lOOaBAJIMCh B MUTATebHy!IO cpely MIA JMUH- 
HOK, HO TakOli Ke addekT BbIsbIBaeT UX HHbeKWHA. I]porHBoMoOs0x%KHOe HanpaB- 
JeHHe aCHMMeTPHH Wid OyIbOOKanNHHHAa HU AVIA 9METHHA (hOPpMaJIbHO cOBNajao 
€ UX Pa3HbIMH NOKasaTeAMM BpallleHHA. OwHako coBnafleHve pa3HbIX 3HaAKOB 
aCHMMeTPHH ABYX BHJOB MOJIeKyJ1, BeCbMa JlaJieKHX NO CTpyKType Apyr or 
Apyra, CO 3HakaMH BbISBaHHOM KAKO MOJeKyJIOH aHaTOMHYeCKOH acCHMMeTpHH 
IMOrIO ObITb 3eCb CyYalHbIM, MOCKOJIbKyY 3HaK ONTHYeCKOH aCHMMeTPHH He 
Ox3aTesIbHO COBNafaeT C OpHeHTallMeli MOJIeKyJI HW MOJIEKYJIAPHbIX rpynn B 
mpoctpanctse. Muaye ropops, crepHuecKHe OCOOe€HHOCTH CJIOXKHbIX aCHMMeTPH- 
€CKHX MOJIeKyJI He BCerfa OAHO3HAYHO COBNaaloT CO 3HaKOM olTHYeCcKOH 
CHMMeTpHH. 

Unctpii onpiT, o6ellaiouluH moKa3aTb MpOTHBONOJOKHyIO Apyr ~Apyry 
(€AHATOMHYeCKYIO AKTHBHOCTb» Napbl 9HAHTHOMOPHOB, TpeOoBa comocTaB.Je- 
MA MpaBbixX HM JIeBLIX OyJIbOOKANMHUHOB, C OMHOM CTOPOHbI, H 9MCETHHOB — Cc Jpy- 
oO. OHako B HallleM pacnOps2xeHHH TOra HaXOJWJIMCb TOJIbKO IIpHpojHble 
30Mepbl, H 3aYMaHHbIM ONbIT He yJaJiCcb OCYIMeECTBHTb HH Ha MpOW3BOHbIX 
PHPORHHIX aslkKaOUJOB, COpasy!OlWlMX H8OMepHbie Mapbl, HH Ha Apyrux napax 
MTHY€CKH AKTHBHBIX BeLIeCTB. 

HeyocrapaBluvii HCKYCCTBeHHbIM M30Mep 9MeTHHa C paBHOH MO UHTeH- 
MBHOCTH OMTHYeCKOM AKTHBHOCTbIO, HO MpOTHBOMOJIOKHLIM 3HAKOM Bpallle- 
ima Obi cuuTesuposaH P. I]. Escrurueesoli c corp. (?). Heckoubko o6pa3ioB 
WHTeTHYeCKOrO aJiKasIOWa, ONTHYeCKH HAeHTHMIUMpOBaHHOTO aBTOpaMH, 
BIH s106e3HO mpesocraBmennt P. II. Escrurneepod M NOATBepAHJM BbICKa- 
aHHbie HaMu B 1947 r. mpeqmomoxKeHHaA. 

O6bekTOM 9KCMepHMeHTa Obiia WMHHA AMKOPO THNa H HECKOJIbKO MYyTalHOH- 
btX mHHHu Drosophila melanogaster. 

Ha panuux craquax pa3BuTHA HYHHOK (2 u 3 CyTKH Mocwe OTKIAaNKH AMI) 
a MOBEPXHOCTb MHTAaTeMbHOH CpeMbl BHOCHJICA BOJHbIM PacTBOp SMeTHHAa B 
yOuleTaIbHBIX KOHIWeHTpalnax. Jia mpupofHoro sJieBoBpalilalollero Hus0Mepa 
nOcuesHue coctaBaioT | Kano pacTBopa 2,5 MP KPHCTaJWIMYeCKOLO XJIOPHCTO- 
BOoposnoro sMeTHHa Ha | cm® BosH. B mpoOupKax SKCTIep HMCHTaNIbHOW cepuH, 
1 TaKKe B COMPOBOXLaBIIeM BCe OMbITbI KOHTPO/e HaXOLMIOCb 2 CM” cTaHAapT- 
HOH MMTAaTeJIbHOH cpeipl. 

Kak u cseopaso OXkNAaTb MO WMPOKOMy PpaclipocTpaHeHHuloO (peHoMena 
1epaBHOH TOKCHYHOCTH pa3HbIX H3O0MepOB, CMHTeTHYECKHH NpaBoOBpallalouluy 
130Mep 3HAYMTeIbHO OTMMUaICA M0 CBOeMy @H3HOJOTMYeCKOMy eHCTBHIO, 
ia STOT pa3 B CTOPOHY OcaO/IeHHA: CFO TOKCHYHOCTb 6bWwia B MATb pas HHKE. 
ostomy Ha MOBepXHOCTb KaxkJOH MpOOMPKH BBOLMMACh OHA Kalla B MATS 
)a3 Ooulee KOHIUEHTPHPOBAHHOFO BOAHOTO pacTBOpa XJOPHCTOBOMOpOMHOrO Ccoe- 
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,— Bepostuo, WoOaBleHve 9MeTHHa He Ha MOBepXHOCTb MMTaTeJIbHOH cpefl 
a B MOVJIHbIM ee OObeM, OOecMeyMBalolee OOJIee PaBHOMepHOe paciipee/eHH 
6e3 rpaueHta OT MOBepXHOCTM B rayOuHy, Obi0 Obl Oosee pallMOHa/IbHbI 
Ho o¥eHb OrpaHH4eHHOe KOJIMYCCTBO MMeBierocd NpaBoOBpaillaiO.ero aK 
OWa 3acTaBulO OrpaHMyuTbCA ONMCbHIBaeMOH MeTOAUKOH. [Ipocmorp Hacek 
MbIX IIPOM3BOAMJICH MOCJe OKYK/IMBAHHA, a 3aTeM ABarxkAbl Ha B3POCJIbIX HaCeK 
MbIX: BCKOpe MocJle BbIUIyMIeHHA HW depes HefemO. Handouee YeTKO acCHMMe 
pus ObWla BbIParKeHa y HeLaBHO BbIYMMBLIMXCA HaceKOMbIx. Oua SaKIMOUA MAC 
B MOBOpoTe KayAa/IbHOH YaCTH OpiOuIKa BNpaBO HIM B/eBO, pH OpHeHTallt 
JlexKaulero Ha CMuHe paccMaTpMBaeMOro MOA MHKpOCKOMOM HaceKOMoro Todt 
BO Bnepex. YoorpeOinemble HHKe MOp@OOrMyecKHe KaTerOpHu «MpaBH3HbP 
«JI@BH3Hbl» HMeIOT TOJIbKO 9TOT CMBICJI. 

Or6pacbiBad HeOOIbIUOH MaTepHall OpMeHTHPOBOUHbIX 9KCIIepHMeHTO 
MpeqHa3HayeHHbIX JIA ycTaHOBseHHA speKTHBHDIX NO MopoioruH Hw Np 
JI@JIbHbIX MO TOKCHYHOCTH KOHUeCHTPallHH, Mbl BO BCeX 9KCMepHMeHTaX Haul 
.219 HaceKOMbIX, Pa3BHBaBLUMXCA Ha cCpefle C JeBOBPalllaiOulHM H30MePO) 
Bee ouv 6e3 HCKO4eHMA HecmM MeYyaTb MOpdomorM4ecKol acHMMeTpHH Mp 
poro Tuna. M3 npo6upok c npaBoBpalilaiouluM H30MepoM Bbiynusoch 188 # 
CeKOMbIX, MpHYeM OcTaTOUHO YeTKad sIeBad acuMMeTpua Gpiia y 110; 62 
CeKOMbIX MpeAcTaBHJIM claOble rpadalWv, a OCTaJIbHbIe He OTJIMYa/IMCb OT HO! 
Mbl. B KOHTpOve, MpeBbIillaBIIeM KaxkyIO H3 SKCM€PHMCHTAJIbHbIX CepH 
ACHMMeTPHA OTCYTCTBOBAIA. 

AcHMMeTpuaA y CaMOK BbIpaxKeHa CHJIbHee, 4YeM y CaMILOB, MOCKOJIbKY | 
MNOCIeQHHX OpIOWIKO ropa3qO KOpoye HM O4eHb 3akpyrvieHO. IlomoxeHHe ali 
KJlaa y CAMOK YeTKO MOKa3bIBaeT Ha ACHMMeTPHIO, TaK Kak OH CJBHraeTca ¢ 
cBoero HOpMasbHOrO NowO*KeHHA (cTporo MO JWIMHHOM OcH Tesla) JaleKo! 
cropouy. Y caMuoB Bce %Ke HepeXKO HaGvllOfaeTca OTBeYALOLMi. HaMpaBJleHh 
MOp@ovlorMyecKOH aCHMMeTPHH MOBOPOT B pacnO/IOKeHHH MpHAaTKOB nocwe 
Hero CerMeHTa. OS acHMMeTpHH MOXKHO CYMUTb He TObKO MO CABury Oprout 
OT HOPMaJIbHOH OCeBOH JIMHHH, HO HM MO YeTKOMY BbIpPa>%KeHHIO OKpaLleHHE’ 
OplOWlHbIX CefMeHTOB CO CTOPOHbI, MpoTHBONONOxKHO HanpaBseHuio u3rHO 
STO cBA3aHO C H3rHOOM He TOJbKO Ha MIOcKOcTH, HO M m0 cnupaaH. B Hop 
OKpalllecHHble MOBepXHOCTH OpIOUIHbIX CefMeHTOB MPH HaGOAeHHH Cc OproulHe 
MOBEPXHOCTH He MpOCMaTPHBalOTCA HIM BbIPaKeHbl OMMHAKOBO C OOeHX CTOPO 

Huorga acHMMerpua B cTpOeHHH Oprouika JOMOAHAeTCH HeHOpMa/bH 
CTHMM B (OpMe KPblJIbeB UM Apyrux YacTeH Tela. ITO BbIsBaHO CKOpee BCE’ 
He TOJIbKO HeEOObIYHbIM MOJIO2%KCHHEM MpPOXOAAMeH MeTaMOpco3 KyKOJIKH BHYT 
HynapHa, HO H HeEHOPMaJIbHOH OpHeHTallMeH CaMoro Mynapusa, HepeKO MeHA 
mero CBOIO OOBINHY1O, OIM3KyIO K OBasly (OpMy Ha M3OrHyTy1O B Bue 3am 
Tol. B OobuIMHCTBe Cly4aeB H3OFHYTad YacTb 3anATO HanpaBseHa B CTOPOH’ 
coBNawarollyio C HHAYUMpOBaHHOH acHMMeTpHe B3pocmoro HaceKOMOrO.: 

Orcyrcrsue cTporo eAMHOOOpa3sHO OpMeHTAallHM KYKOJIOK Ha cTeHKe np! 
OPK 3aTpyAHAeT KOMYCCTBEHHbIM yUeT aCHMMeTPpHH Y KYKOJIOK, XOTA, O 
BHJHMOMY, MOXKHO TIOJYYHTb YCJIOBHA, NeEMOHCTpHpylollMe aCHMMeTpHIO K' 
KONOK GOosee OAHOPOAHO. | 

P. Il. Escrurneesoi 6piiu HaM mpelocraBeHbl TaKKe HECKOMbKO ecaTK' 
palleMH4ecKHX MpenapaTOB SMeTHHA, OAHAKO HH OJMH U3 HUX He BBISBIB! 
aHaTOMH4ecKOH aCHMMeTpHH. TOKCHUHOCTb UX TOKe GOplla Heu3MepHMO HH 

Takum o6pa30M, NO OMHCaHHbIM 9KCMepHMeHTaM MbI yOe2KaeMca B cmocc 
HOCTH MOVJI€KYJIAPHOH SHAHTHOMOPMHOM Mapbl HaBA3aTb ACHMMeTPHIO KO 
CTHTYWMH MHOPOKJeTOUHOrO OpraHnH3Ma. Ilo ToxKecTBeHHOM OCHOBHOM CTPyKT 
pe MpOTona3Mbl Ppa3HbIX %KMBbIX CYU[CCTB MOXKHO OXKMLaTb, YTO B YCJIOBH! 
aHaJIOPH4HOrO OMbita yaCTCA BbIsBaTb HCKYCCTBEHHY!O aCHMMeTpHiO y OaktT 
PU C palMa/IbHO-CHMMeTPHUHBIM XapakTepOM pOcTa KOJIOHHH HM y CHMMeTpH 
HbIX pacTeHuli. 

CpaBHuTelbHO OM3KOe NOMOKeHHeE aMcOUMHEIX H OakTePHUMLHEIX KO 
HeHTpalluH SMeTHHA M MOpMOOrHyecKM aKTHMBHBIX efO KOHUeHTpallu J. 
Aposopuibt yKasbiBaeT Ha 3HAYHTeIbHOe KOMIMYECTBO MOJICKYAPHEIX Ted 
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mpoToniasMe, HeOOXOAMMBIX Jit BOsOy2KeHuA acuMMeTpun. B To xe’ BpeMA 
fOnONorMueckas cbopma B OlIpejleJIeHHbIX CJIYYaAX, 3aBMCALLMX OT XHMHYECKOH, 
OY HKUMOHAIbHOH CTPyKTYPbl NPUMeHAeMOrO ONTHYeCKH AKTHBHOFO BelilecTBa, 
cnmOcoOHa CTaTb HACTOJIbKO YeTKHM HHJKCOM ONTHUeCKOl aKTHBHOCTH, 4TOOBI 
iu@depeHUMpOBaTb USOMepbl Mexy ccOoli. O TouHOM XapakTepe ycTaHaBJH- 
BalOUlMXCA CBAS€H TMOKA MO%KHO BbICKa3bIBATb JIMIIb MpenOlOxKeHUuA, HO, 
M0-BUAMMOMy, OHH lpHHadviexkaT XHMHYECKH K HavOoulee ycTouunBDM, 
JKecTkoe TOKcHYeCKOe BJIMAHHe SMeTHHA Ha pacTeHHaA HM Apyrve sMWeHHEIE 
WHEPBHOM CHCTEMbI OPaHHSMbI MO3BOIAeT HCKJIOYNTh U3 cchepbl BSaHMOjlelicTBUA 
HepBHyto cuctemy. Topasqo BepositHee O2KuLaTb peakWHH C KaKUMH-TO YHuBep- 
CaJIbHbIMA KOMMOHCHTaMH Mvia3MbI. HanOouee mpaBlonolo6Ho yuacrue B OOpa- 
30BaHHM CBASCH MPOTONMMa3MbI MbILWeUHbIX KJIETOK H MpOTOMa3Mbl MOBepX- 
HOCTHBIX IIOKPOBOB, COJ€p%KallluX XHTHH. CO CTOPOHI MOJIeKyJibl 9MeTHHA B 
TaKHX CJlyuaaX YUaCTByeT HeCKOJIbKO AKTHBHbIX M€TOKCHJIbHbIX OCTATKOB, 
oOulee KOJIMYECTBO KOTOPbIX B MOseKyJIe aKalona MOcTaTOUHO BewUKO. 

BesleAcTBve BepOATHOTO COpasOBaHHA HECOBIMHEIX SMETHHCOJep%XalllUX BbI- 
COKOMOJIEKYJIAPHBIX OeJIKOBbIX MOJI€KYJI, BaJIGHTHO COCJMHEHHbIX C aJiKaJIOH- 
HOM B OMpeeJeHHbIX MOBTOPAIOULMX NOMOKEHHAX, CTPYKTYPHbIe MPOTeHHH! © 
HOJLKHbI COOTBETCTBEHHO NpwOOpecTH HOEbIe cTepHyecKue cBOolicTBa. B pesyub- 
inate OeKH pacnosowKaTcA B HalpaBJeHHH OTCYTCTBYIOWel PpaHblWe cnupau 
| 
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‘WIM N10 HerHOaM BTOPOrO, a Take TpeTbero nopsAKa K MMelwWllelica uHorda 
}MepBUYHOK cnupasbHOu crpyktype. OpvenTupoBaTbea 3acTaBiaeT Tora Mmpo- 
| HUKHOBeHHe aJIKaJIOHROB B pa3Hble KJIETKH, TKaHH HM OObeAHHAeMBIe NMOCeL- 
| HMMH 4acTH Tesla. MeHee BepOATHO, YTO ACHMMETPHA OCYLECTBAACTCA B Pe3YuJIb- 
TaTe HeHOPMaJIbHOM OpMeHTalMH 9KBATOPHaNbHOH MwacTHHKM KJIeTOUHOrO 
TeneHuA B SMOPHOHAJIbHEIX H NpOXOAAWUX MeTaMOop@o3s TKaHAX. Ecau BMecTo 
FOOBTUHOTO HalpaBJIeHHA MVJIOCKOCTH 9KBaTOPHaJbHOH MwacTHHKH nocileqHAA 
JCIBHHYTa NO onpefeJeHHbIM yIvIOM B CTOPOHY (a 3TO MOXKET 3aBHCETb OT 
ocoOeHHOCTeH GeJIKOB B TAHYWHX HHTAX, HJYULMX OT TOUKH MpuKpenweHua 
XPOMOCOMBI K WeHTpOMepy), TO aCHMMeTPUA Take BOSHUKHeT. Ho B 3TOM culy- 
yYae OHa yxKe OyeT eTepPMHHHPOBaHA, CKOpee BCcero, aHaJIOTHUHbIM CTPYK- 
'TYPHbIM — NO cnupalH — CIBHTOM B OeKaxX TAHYWLMX GuOpuseh, cccpezo- 
TOUHBAIOWIMX HanOouee JJACTHUHbIE COKpaTHMble OeJIKH, COocTaBJIAIOWHe oO 
10—12% sce nporonsa3Mut. 

Mopdonornyueckoe W3yYeHHe B3POCJIbIX OpfaHH3MOB, HaXOJMBIIMXCA B 
KOHTaKTe C WHAYUMpYIOULWM aCHMMeTPHIO BelleCTBOM, OOHapyXKUBaeT, KaK 
MbI BUeIH, He MPOCTOH NOBOPOT B MWIOCKOCTH, a H3ruO, MpOXoAAIMMH BTpex u3- 
MepeHHAX, YTO cOriacyeTcaA CO CMupasbHOH cxeMoH. OfHakO OTClOJa HeJb3sA 
elle NOyuuTbh yOeuTeIbHLIH apryMeHT B MOJIb3y OJHOTO H3 pacCMOTPeHHbIXx 
MexaHu3MoB. Jlyuuie oOpaTHTbca K Oouee JeTa/IbHOMy MHKpOckONMYecKOMy 
aHaslusy, C OCOObIM BHHMaHHeM K MeTO/laM HaOJIIOQeHHA HenocpejicTBeHHO 
mocle SKCMePpHMeHTaJIbHOTO BOSeHCTBHA. 
| Tem He MeHee, yxKe TeMepb MOXKHO MpeAnOaraTbh OOJIbIIyIO BepOATHOCTb 
MepBoro MeXaHH3Ma, IOCKOJIbKY aCHMMeTpHA pacnpocTpanseTcA He Ha BCe 
WacTH Tela 6e3 HCKJIIOUCHHA, Kak 3TO ObWiO ObI B ClyYae NepBHUHOrO JencTBUA 
C OMHO3HAUHOM esopHeHTalWeH SKBATOPHMaJIbHbIX TJiaCTHHOK, a TOJIbKO Ha 
yacTtb TKaHeli. Mpniieunpie WM MOKPOBHbIe KJI€CTKH BIOCJIeACTBHM OTBepeBalo- 
Wero Hapy2Horo ckeyleTa HaceKOMOrO He OOHapyKHBalOT MpH3HaKOB KaKOTO 
6bI TO HH ObIO BUIMAHUA Ha KMHETHUCCKHH almapaT MHTO3A. SaTeM, ecJIM Obl MH- 
TOTHUCCKHH MeXaHH3M Obl PCaJIbHOCTbIO, Mbl OOASaTeJIbHO Hall Obl aCHM- 
MeTPHIO B pacnOsOKeHUH pALOB CllemeH (pocTErx Tyia3KOB) B CJICXKHOM rvla3y 
HaceKOMOrO, Tle GesynpeuHbI TeOMeTpHYeCKNH NOPAAOK NO3ZBOMAeT YJIOBHTb 
BCAKOe CMHHUHOe OTKJIOHEHHe, a TaK%Ke B PacMOOAXeHHH MaKpOXeT H MHKPO- 
XeT, TOXKe COBepleHHO TMOCTOAHHOM. OHAaKO TaKHe OTKJOHEHMA He Obl 
HaMM BCTpeyeHbI HH Tellepb, HH PaHbIle. 

IIpeqnonaraemoe cnupadbHoe OTKJOHeHHe TpeOyeT, CKOpee BCerO, HECKOJIb- 
KUX TOUCK MPHBASKH Ka%KLOli MOJKYJIbI aKasOua K OesKaM. Beh ecaTKH 
HCMBITaHHbIX HAMM OMTHYeCKH AKTHBHBIX BellleCTB, B TOM UHMCJI€ aJKaJIOH- 
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OB, He pacmomaraioulMX HeCKOJIBKMMH MeTOKCHJIbHbIMH, OKCH- HJIM aMHHO 
rpyimaMu, JIMWeHb! ONMCaHHOH 3f,ecb MopcomOrM4ecKOH aKTHBHOCTH. B xuMu 
ueCKH TpaHC(bOpMMpOBaHHbIX IMeTHHOM CTPYKTYPHbIX OemKaX, CKOpee BCero 
HauWHHaloT JeHCTBOBATb CHJIbI, BOSMYULaloulMe HOPMaJsIbHOe MOp@oreHHoe Mose 
HaBASbIBAA eEMY HOBY!O reOMeTPHIO, MPH COXpaHeHHH BepHOCTH TeOMeTPHH HH 
AyWupyloulero BelllectBa, JiexKalllei B OCHOBe ero COOCTBeHHOM ONTHUeCKOr 
aKTHBHOCTH. 

KosuyectBeHHo Ooulee ca60e JelicrBHe CHHTeTHUeCKOFO H30Mepa He Opocae’ 
TeHb Ha (P2HOMeH «aCHMMeTpHeckoH onTHyecKol nappm. LenTp TAxecTH B aH 
HOM cjly¥ae MpHXOAMTCA Ha aCHMMeTPHIO KaK TaKOBY1O, a OHa HasHioO. HO Mr 
HaJleeMcaA OKa3aTb B JalbHeHieM Ha SHAHTHOMOPPHDIX Mapax, MOJYYeHHbIX Uk 
MIPpOM3BOAHbIX SMeTHHA, TakKoKe MHbIe OTHOMICHHA, SKBUBAJICHTHbIe, HIM Oome 
61W3KHe K KOJIM4eECTBEHHOMY SKBUBAJICHTY. 

Ckxopee Bcero, pacMpocTpaHeHve B MpOYWMpytOuluX IMeTHH pacTeHHAd 
TOMbKO (u3HONOrHueCKN Oosee CHbHOrO H30Mepa He ABJIACTCA CJIYYaMHBIM, 
Byfyan cBoboseH 3yecb OT HHTepepeHuHH Cc MeTaOOMMYeCKHMM CyHKILMAMH) 
aJiKasIOH, CMOcoOeH BCTYNMTb B IIpAMY!O CBA3b CO CTPYKTYPHbIMM 3/1eEMeCHTaMI 
MpOTOmma3Mbl, moOyKad CMHpalbHOe pacnosuowKeHve MOJIeKYJI ApeBeCHHb 
M Bcero crBoula. KonetHad o6ulad ciMpalb MpescTaBiaeT BecbMa 3aMeTHbIi 
MeXaHH4eCKHH BbIHTpbIll WIA KYCTapHHKOBOH M ApeBecHOH doppt. 

OTO He OXBaTbIBaeT, PasyMeeTcaA, BCeX Ha3HaveHHH CHHTe3a a/IKaJIOUO! 
B PaCTeHHH, HO OOHapyxXuBaeT H3BeCTHbIe HPeHMYyUlecTBa JIA pacTeHH, CMH: 
TeSHPYIOWMX aJIKaIOUAb, Neped MMWOM oToopa. 

Tenernueckui aHaJiw#3 aCHMMeTpHii ompeflemmeT WX Kak UHCTHIe MOL 
(bukaluu. 


j 


MuctutyT xumuueckon (bu3uKu Tloctynu0 
Akayemun Hayk CCCP 10 VII 1959 
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Joxkuann Akanemun Hayr CCCP 
1960. Tom 130, N 6 


BHO®PH3HKA 


Unen-koppecnonyzent AH CCCP H. UH. HY)KAMH, M. Jl. MOMEPAHLLEBA 
u H. H. KY3HELLOBA 


NOBbILUEHHE YCTOMYMBOCTH DKMBOTHBIX K BO3]IEMCTBUIO 
MOHM3HPYIOWENM PAXMAUHM B PE3YJIBTATE 
NIPEABAPHTEJIBHOrO PEHTTEHOBCKOLO OBJIYYEHUA 


IIpo61eMe MoBpIleHHA paluoycroiunpocru opraHu3Ma myTeM mpesBapu- 
TeJIbHOrO ero OOJY4eHHA NOCBALeH pA pador. Iloka3aHo, 4TO OHOKpaTHOe 
ipeqBapHTebHOe OOsyYeHHe B CyOuleTaIbHbIX J03aX MOBDIaeT yCTOMUMBOCTS 
| OpraHu3Ma K MO0CJeqyiolleMy BO3eHCTBMIO JeTaIbHbIX Jo3 (1, 3-7, 9, 1%, 17, 18), 
B nepewucieHHbix padorax 3alllHTHbIi sddbekT HaGwlOJaicCA B OCHOBHOM TIpH 
| HCNOJIb3OBaHHH MpelBapHTeJbHbIX os nopagKa 50—500r3a 10—30 Het Jo 
| MaccMBHoro oOsly4eHua. B padore (*) 3alluTa uMema MecTO yxKe mpH mpesBa- 
| PHTeIbHOM OO yueHHH B Mose 15 r, a Bpadore(') NoMOxKUTebHOe BJIMAHHe Ha- 
| OuloJaloch B Cily¥ae, eCIM MOBTOpHOe OG6yYeHHe MpOHSBOAMMOCh B CpaBHH- 
TeJIbHO OTAaNeHHbe cpoKH (150 Heli) nocne npe-BapHTeibHOrO BOsfeicTBUA. 
SallMTHEI sppeKkT OTMeyasicA Tak%Ke MpM TpexkKpaTHOM mnpesBapHTebHOM 
oOy4eHHM MpiileH (") uM B pesybTaTe MpesBapuTesbHOrO xXpoOHMu¥ecKOrO 
| peHTreHoBckoro y- u B-oOmy¥eHHA Kpbic uv MpIeH (°,15,21) wu mpH BBeeHHN 
| co0akaM pawMoakTHBHOorO KOOasibTa (?). 

/ Hapsayly c uccileqOBaHHAMH, B KOTOPBIX NMOJYYeH MOMOKUTeIbHDIA 3allluT- 

HbIM adPekT MpeBapuTesbHOrO OOyUeHHA, OMYOMHKOBAH PA paOoT, B KOTO- 

| PpIX KaK OfHOKpatHoe (1°, 1°, 7°), Tak wu xpoHuueckoe (1°) mpeyqBapHTembHOe 

| BO3JeMCTBHe He Obilo adpekTHBHIM. 

| GajlayeH HaCTOAMero MCCIeMOBaHHA ABMANOCb H3Y4eHWe XapakTepa 4u3- 

| MCHEHHA paHOUYBCTBUTebHOCTH XKMBOTHBIX B pe3yJIbTaTe MpeABapuTesbHOrO 

| MX OOJIY4eHHA, a TaKKe BbIACHeHHe 3aBHCHUMOCTH CTeMeHH 3aliMTHOrO 9cpPpek- 
| Ta OT yCJIOBHH Onbira. PaOotra mpoBosusiacb Ha Oe/bIX Mbllllax, MpeHMyulect- 

BeHHO caMllax B BO3pacte 2,5 Mec. B | cepuu onbita u3y4alacb 3aBHCHMOCTb 

| 3allHTHOrO aiPpekTa OT BEJIHUMHb! AO3bl MpeABapHTesIbHOrO OOIyYeHHA HW HH- 

| TepBasla MexK]y MpeABapHuTeJIbHbIM H MOBTOPHbIM BOSJelicTBHeM. Baio MCMOJIb- 

| 30BaHO BOCeMb 03 mpesBapuTembHOrO OO6y4eHuA: 15; 25; 50; 100; 150; 200; 
250 u 400 r. IlopropHo xuBoTHHIX OOsyuamHM B Mose 600 r Yepes pa3sM4HBIe 

| MHTepBaJIbl MOce MpelBapuTesbHOrO OOJy4eHHA. 

OG6ulee peHTTeHOBCKOe OOsTYYeHHe OCYLIECTBIANIOCh Mp ceLyroulux ycwo- 
| BHAX: cua ToKa 15 Ma, HampaxeHve 190 Kp, dunbrppt 0,5 Cu + 0,75 Al, do- 
| KycHoe paccroaHue 45—120 cm, MoujHocTb 03bt 6—45 r/MuH. 

Tloka3aTreseM cTeneHH nopaxKatolero JleHCTBUA paluallMu CJYXMM BBI- 
| 2KHBaeMOCTb MbiiuweHw K 30 AHIO MOcse NOBTOPpHOrO OOyYeHHA, CpeHAA Tpo- 
JOJKUTeJIbHOCTh %KY3HH MWaBUIMX XKUBOTHBIX, H38MeHeHHe Beca Te/la MbilleH 

mocie OOJy4eHHA MW W3MeHeHHA NoKasaTeseH MepHdepHyecKOH KPOBH. 

: TlaHuple nO BbieKHBAaeMOCTH HM cpefHeH MpOOsMKHTebHOCTH XKU3HH NO]- 
ONbITHBIX MbiLllei, MpHBeqeHHble B TaO/. 1, NOKa3pIBaOT, ITO NpelBapHTeb- 
Hoe O6yueHue B Mo3ax 15—25 r He NoOBpIllaeT BbisKMBaeMOCTH MbIilleH mNocse 

| 4X MOBTOpHOrO O61yueHua 600 r uepes 14 quel. [IpeqBpapurenbHoe oOy4eHHe 
B Jo3ax 50; 100 wu 200 r npu TOM xe HHTepBale Mexky BOSJeMCTBUAMH YBeJIMUH- 
BaJlO BbLKHBaeMocTbh mocme 600 r B cpeqHeM IpuMepHO Ha 25%. HanOovbuee 
HOBbILIeHHe BEDKMBaeMOocTH (B cpr qHemM Ha 31-+-6,0%) umeno MecTo mpu mpeg- 
BapHTebHOM BOSselicrBuU B N03e 15) r 3a 14 Aue Jo MoBTOpHOro OOsly4eHUA. 

Tlpu mpeqBapurebHOM O6uTy4eHHH B Nose 150 r 3a 7 THe HaOuOLan0ch MOHMxKe- 
HH@ BbDKHBaeMOCTH MO CpaBHeHHIO C KOHTpPOJIeEM, a Mp uHTepBae B 28 AHeH 

Zallluta Opa He3HauuTembHOH. Jlosa 250 r, MaHHaa 3a 14 AHeH Jo noBropHoro 

—OONYYeHHA, HeSHAYHTebHO TOBbIIlaJla BbiKHBaeMOCTb, a MIpH MHTepBase 

| 

| 
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Bannnne MpeABapHTeIbHOTO oOsmyueHHA Ha BbIMHBaAeCMOCTb H IIPOJOJIMKUTCIb- 


Ta6Ouuua i 


HOCTb 2%XH3HH OOJYUYCHHBIX MbIWeH 


gels 


BY ! S ak ge2 
a HutepBan 36 Tpynna m a TIpoweuT BbIxKHBa- ye 2 
6 |MeKAy 06-| B+ | supers. ° om eMOCTH Res j 
s nyu., 0H. sat B Bee Ae heee 3 
SE ae So | k2 SREE | 
se 
19 14 OnpitT 47 in 36,1 +7,0 10,9 ; 
el Kontp. 48 19 39,6+7,1 en) I 
PAS 44 OnpiT 24 10 41,7+10,1 5) 
600 | Kontp. | 24 | 40 | 41:710.4 9,9 
50 14 Onbit 47 20 42,9 +7,2 10,4 
600: Konrp. | 48°) 8 | "46:7 25.4 9°8 
400 14 Onpit 95 31 32,6+ 4,8 9,8 
600 | Kourp. | 94 | 8 3/5 12'9 8'8 
150 ih Onpit 43 Mes 30,2 +7,0 10,6 [ 
600 —Kourp: || iv el) ahe Maree mee wee 10.4 ) 
150 14 goo | Onsir 99 4d 44,4+5,0 9,8 
Koutp. 98 | 413 13,3 43,4 9,0 
150 28 600 OnpiT 42 12 28,6+7,0 41,8 
Koutp. Al 6 14,6+5,5 41,1 
200 14 600 Onpit 48 28 08,3+7,1 15,9 
KoutTp. 48 16 33,3 + 6,8 10,4 
250 14 g00 | Oneit F9 | 23 39,0 +6,3 13,2 : 
KoutTp. 66 18 27,3 +5,5 AAG 2 f 
250 28 goo | Ont 42 12 28,6270 10,9 
KoutTp. 42 12 28,6+7,0 ANA 22 
400 14 600 Onpit 16 0) 0 42,6 [ 
Koutp. 24 4 16,7 -+7,6 11,8 
400 28 609 | Onur 23 6 2644-94 10,9 
KoutTp. 24 4 16,7 -+7,6 idles 
400 42 600 Onbit 20 2 10,0-+6,7 HOW 
Koutp. Pai 8 38,1+9,4 9,4 7 
50x4 24 600 OnbiT 24 4 4,2+4,0 10,6 
Koutp. 2 4 17,4+7,9 10,0 
150 14 800 Onpit 36 4 2,8+2,7 8,6 
Koutp. 36 { 2,8+2,7 9,0 


28 [Hel saliMTHbtit sddexr orcyTcTBoBad momHKocTbio. IIpeqBapuresbHoe BO3- 
NelictBue B ose 400 r He JaBaso0 3au{HTHOTO S*dekTa HU Mp OMHOM U3 UCMOWIb- 
30BaHHbIX HHTepBaioB (14, 28, 42 gua). Bonee Toro, npu uHTepBase 14 u 42 
AHA B rpynne npesBapuTesbHO OO/JYYeHHbIX 2KMBOTHEIX HaGlOJal0cb yMeHb- 
WIeHHe BbIKMBaeMOCTH NOCe NOBTOPHOrO OOyYeHHA MO CpaBHeHHIO C KOHTPO- 
jeM. TakuM 06pa30M, H3 MpHBeJeHHbIX MaTepHalOB BHHO, YTO 3alllMTHbIh 
adekT BbIsbIBAaeTCA MpeABaPHTe/IbHbIM OOJIYYCHHEM X2KUBOTHBIX B Wo3ax 5O— 
250 r, mpousBeseHHbmM 3a 14 AHel AO NOBTOPHOrO BOSAeliCTBUA; MAKCHMaJIbHBIA 
ateKT HMe/ MecTO IPH NpesBapHTebHOM BO3JelicTBuM B Jose 150 r (puc. 1). 

TIlomumo yo3pt 600 r npH noBTOopHOM O6sy4eHHH B OJHOM H3 ONBITOB Oplwia 
ucnouIb80BaHa 03a 800 r. IlpeqBapuredbHOe OOs1y4eHHe B Lose 150 r 6prn0 mpH- 
MeHeHO 3a 14 AHeH 20 noBpropHoro oGmy4ueHua. B 3ToM skKcnepuMeHTe 3allluT- 
HEI sper MpekBapredbHoro oOOmnyueHuA OOHapyxKeH He Opi (Tan. 1). 

B OJHOM 3 OMNbITOB ObIO HCHOIL30BAHO: NOBTOPHOe: MpekBapuTeMbHOe O6- 
jyyueHne. )KugoTupie 4 pasa, C HHTepBasOMiB OLHY Hefem0, nOLBeprasucb 
BosfelicTBuI0 50 ru 8aTem Yepes 21 end Opin CO1yY4eHEI B Jose 600 r. B pesyab- 
TaTe 9TOrO MBI He NOMyYHIM sauuTHOrO: Sdexra: (tabu. 1). 

Hsyyenne nposomKuTebHOCTH XKU3HM NaBLUAX KUBOTHBIX (ra6a. 1) noKasa- 
10, YTO BO BCeX CiyuaAx, Mle HaOJIOJascA 3alHuTHEI sddbeKT npesBapuTesb- 
HOTO BO3JeCHCTBUA, CpeqHAA MPOMOKUTeIbHOCTh %KU3HH ObivIa HeCKOJbKO 
BbIWe B ONBITHBIX CepHAX NO CpaBHeHHIO C* KOHTPOsIeM. 
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Ala Oowlee NOHOTO BHIACHeHHA XapakTepa saluTHOro adxpeKTa mpelBa- 
PUTebHOrO OOyNeHHA OBI U3y4eHbI TaKNe HHTerpaJibHble NOKasaTeH cTene- 
MH TOpa>keHHA Opranv3Ma, KaK H8MeHCHHA Beca Tesla HM COCTOAHHE Mepudepu- 
eCKOH KpOBM (OOllee YHCO NeHKOWMTOB MU SPHTPOWNTOB, 4UCO HeliTpo*uOB 
Aumpountos). M3smMenenve Beca Tesla H3yYaOCb BO BCX CePHAX ONbITA, aHAM3bI 
HKPOBH NPOBOAWINCh B CepHAX C HCIOJIb30- 
HBAHHeM MIpeBapHTeIbHLIX 03 O6yyYeHHA 
(100, 150, 250 r). Hu no oqHomy u3 Ha3sBaH- 
HbIX MOKasaTeJel 3alluTHOrO 3acddekTa He 
HaOvitoasocb. To xe caMoe OTMeUaIOCb MpH 
aHaJiv3e KPOBH O6e3bAH, MOBeprHyTbIXx 
mpeyBapuTebHOMy OOsyueHHt (1°), Creno- 
WBaTeIbHO, XapaKkTep 3all\MTHOrO acpexkta 
WB cilyvae mpesBapuTenbHOoro o6u1y4¥eHua 
WOTIMUAeTCA OT KAPTHHbI, HaOsIOJaeMol mpu 
J UCTIObSOBAHMH XMMMYeCKHX cpefcTB 3a- Puc. 1. Banaue goss mpegsaputenb- 
ULMTHI — TaKUX, KaK OKHCb yrseposa, HOTO poy eee Ha BbIKHBaCMOCTb 06- 
| cepycoyep alive COeMMHEHHA, HAPKOTHKH. AY SCRH Mash OOD)a) 
|IIpH mpHMeHeHun moceqHuX 3aulMTHOe JelcTBHe uMeeT MecTO He TObKO 
|M0 BbOKHBaeMOCTH HM MpOMOJ2KHTeIbHOCTH %KH3HM, HO TakiKe MpOABAAeTCA B 
Goulee ObICTpOM BOCCTAHOBJeHHH BeCa Tela H KPOBeETBOPHOM CHCTeMBI. 

OTHOCHTebHO TIPHPOLL! saliNTHOTO addekTa mpesBaputTertbHOrO oOsmyue- 
-HHA BbICKa3aHO pay runortes (}, °, *, & 1). Ham npedctapisrorca HanOouee 
BeEPOATHEIMH [Be H3 HHX. GallluTHOe AelcTBHe, BO3MO%KHO, CBA3aHO Cc ycuue- 
'HHeM pereHepallHOHHbIX MpOleccoB B MpeABapuTeIbHO OGJTyYeHHOM OpraHHsMe. 
_Moxuo TakxKe JOMycTHTb, TO 3aLlHTHbI stpekT OGycOBseH BbIPAaGOTKON 
aHTHTeJI Ha MpOAyKTHI SOenKOBOrO pacnadla, OOpasyloulMecaA B pe3syJIbTaTe BO3- 
| MelicTBuaA pajuatuu. B wacTosiiee BpeMaA ellie HeT JOCTATOUHBIX LOKa3aTeJIbCTB, 
| MOMTBepxAaloulux TY WH HHYIO runoTesy. CeqyeT UMeTb B BHAY, YTO yKa3aH- 
| HbIe THMOTe3bI, BOSMOXKHO, He HCKJIOUAIOT OHA ApyryW, Tak Kak WM ycuweHHe 
pereHepallHOHHBIX MpolleccoB H OOpa3s0BaHHe aHTHTeJ MOryT ObITb Pa3JIHUHbIMH 
CTOpOHaMH OOleH MpHcnocoOuTeJIbHOK OTBETHOH peakIWHH OpraHH3Ma Ha BO3- 
‘flelicrBve MOHM3upyrolleH paguaunu. Iloppmienve paduoycroliunpocTu B pe- 
3yJIbTaTe NpelBapHTeIbHOrO OOJYYeHHA MpelcTaBJAeT, MO-BHAHMOMY, IWHpPOKO 
pacmpocrpaHeHHoe ABJIeCHHe, TaK KaK OHO OblJIO OOHAPy2KeHO HE TOJIbKO B 2KMBOT- 
HOM Mupe, HO Tak>xKe wu y pacteHul (1°, **) uw GaxTepnl (1). Onnako B Ha- 
CTOAee BPEMA TPYAHO CeNaTb BbIBOL, JI@KHT JIM B OCHOBe STOO ABJIEHHA 
—001aA 3AKOHOMEPHOCTD. 


“4SSRSS 


25 50——100 180 200250 400 


Aas 6 r (\og) ——>- 


PasHuua 6 Ye Corxubaemocmu 
MEH1OY ONb/TIOM U HOMITpONE 4 


S 
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Jloxxagn AkafweMul Hayk CCCP 
1960. Tom 130, Ni 6 


BHO®H3HK 


H. H. CNEPAHCKAA 


TPHTAHOMAJIVA 
(ITpedcmasaeno axademuxom K. M, Botkoeoim 27 1X 1959) 


Uccaeqosanuto TpxTanomavnn (1) mocBaljeHo HemuHOro pa6or (7). He Bo Bee 
‘ClyYaAX ObIMIO ACHO, UTO HCCMeEFOBaaCb HMCHHO 9TA PaSHOBHAHOCTb WBeTOBOT 
3peCHHA, a He WBeTOCMAaGOCTb CHHEYYBCTBHTCJIbHbIX MPHeMHHKOB CeTUaTKh 
B CCCP w3yyeHHeM TPHTaHOMaJIHH He 3aHHMAJIHCb. 

Ilenbio MpeMpHHATOH Hamu pa6oTbI OblIO uccMeOBaHHe BapHallul cimeK1 
PaJIbHOH UYBCTBHT@IbHOCTH TPeTberO, CHHEYYBCTBHTEIbHOrO IIPHeMHHKa, 
TaKXKe BbIABJICHHe H H3yYYeHHe CJIy4aeB ABHO BbIPaKeHHOM TPHTaHOMaJME 
IIpexye Bcero 6bIIH OMpOOoBaHbl C TOUKH 3peHHA HX SPPeKTHBHOCTH HECKOJIBK 
ypaBHeHHH B CHHe-3eIeHOH YacTH cnekTpa. CBeTopuubTpbl BbIOMpaJIUCh Tak 
uTOObl H3JIYYeHHA Ha AByX CTOPOHaX IBETOBOrO PaBeHCTBaA BO3MO%KHO OOM) 
ule OTJIMYaIHCb MO CNeKTPasIbHOMYy COCTaBy, C TeM 4TOObI pasIMYHA Me@XKID 
HaOJUOLAaTeIAMH MPOABJIANHCh CuJIbHee. Ha puc. | npescTaBJieHbl B Bue Ips 
MBIX Ha rpactbwKe WBeTHOCTH Ff, g YeTLIPe ypaBHeHHA, OCYLLeCTBJICHHbIe C 0 
MOLLbIO HHTepep CHUHOHHBIX CBETOPHJIbTPOB H WBETHBIX CTeKOJI C3C-3 u C3G-12 

OpekTHBHOCTh ypaBHeHHH OblIa MpoBepeva PaCueTHbIM IlyTeM Ha OCHOBI 
Pa3JIHUHbIX CBeETOPHJIbTPOB, MPHMeHEHHE KOTOPbIX TIpeMNOMORKUTeMIbHO pac 
‘CMATPHBaJIOCb KaK BO3MO%KHaA MpHyHHa TPHTaHOMaMH™. PacyeT npoH3Bo 
WMJICH MyYTeM HaXOKJCHHA KOJMYUeCTB 3eJIeEHOrO H CHHeFO UBETOB Az U A, |} 
PABCHCTBE Ast45-+ AcYc= Ysc MA HOPMAJbHOTO HaOJIOJaTeA HU a,,a, B pa 


aie PD wad 
BCHCTBE d.4.+-@.4y.=4,, [A anomMasa. IIpH mepexoge K kKOOpgMHaTaM p 
7, 8 Mloulyyanocb 10 TpH ypaBHeHHa: 


A, Pg +A, Pp=P a’, Pat ao p= 0" 
JIA HOpMaJIbHOrTO a es tls JA BapHaHTOB “Sg euler far eta) i 
HaOmuojatena a Vere Tc> tes anomMaauu als cay am Use 

a, B.-ha. Bo=Bog a tS 8 eta Cc B’o=B Be 


B ta6. | NpHBo_ATcH 3HayeHHA KODd*PPulNeHTa aHOMambHOCTH A = 


= (Q3/Qc)/(As/Ac) WA MPeANOMOXReHHBIX HAMM BapWaHTOB TPUTaHOMAJIHN UH JJ: 
YeTbIPeCX BapHaHTOB CHHe-3eJIeCHOTO ypaBHeHHA**. 

3 ta6n. | He BHAHO ABHO BbIpaxKeHHOrO MpeuMyllecTBa TOTO HH MHOr 
BapHauta. IlosToMy OblIO MpOBeeHO OMbITHOe HCMbITAHHe BCeX TPeX BapvaH 
TOB Ha rpymme B O00 yenOBeK Cc MOMOMIbIO aHoMaslockona TOU (’*), B koropon 
ObIJIM BMOHTHPOBaHbI CBeETO*HJIbTPbI BCeX TPpeX BapHaHTOB. 

Yro6b! OeHHTh ScPeKTHBHOCTh BapHaHTOB, ObIJIM BLIYHCJIEHbI KOSHI EHTE 
aHOMAJIbHOCTH AIA JByYX KPaHHUX CwJyuaeB (KOSPPHMeHT AHOMAJIbHOCTH), | 
TakKKe OTHOUWICHHA KOOPAMHAT xp, Yup, Bp UBETOB, YCTAHAaBJIMBaeMbIX HaGJIO 
HaTeiaAMH C KpaHHHMH CTeMe€HAMH aHOMAaJIHH, K KOOPAUHaTaM OOJIbINIMHCTB 
HaOmoyatTenen: ps, yo, Bo (Tabu. 2). 


* [Mia Takoro MOxemHpoBaHHa ObimM B3aATHI: (1) MpoTaHoMaIbHBI u (2) nelirepaHoMasbHBI 
cBeTopusbTpsr mo lOctosol (3), (3) MakyaapHaa murmMeHtauua no Youny (4), copnaqawuaa 
KCaHTOPHIIOM — «MOIOKUTEIbHa A» (T. €. H3ObITOUHAA MPOTHB HOPMBI MMrMeHTaHa), (4) To 2xe - 
“OTPHUaTebHad» (T. €. HEMOCTATOUHAA MpOTHB HOpMb!), (5) «MOO*KATebHBIM» u (6) <oTpULaTeNt 
HIM» (PHbTpbI rviasHbIx cpeq no Jliogsury u Maxkxaptu (°); Obl B3aTbI TaK%Ke 1Ba *PUbTP 
(7) w (8), orBeuaiouyve MormomeHHio MakyJIApHoro murmenta mo Koabpaymy (°). 

** Jina tepporo BapHaHTa B TaG/MUe HET MOMHOCTbIO BCeX pacueTOB, TaK KaK pacueTH C Nef 
BbIMH 2K JBYMA CBeETOUIbTpaMM yrKe NoKasaJIH MaJlyiO ero MepCiNeKTMBHOCTb. 
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TaOnnia 4 Ta6Oauna 2 


NeNe cpeTobusbtTpos | 
Bapu- Bapuaur 2} Bapuanut 3 | Bapuanur 4 
aHTbl 
Mea a | Gian: 
A OvGn eee Osa) Wed, on ORTeun adn 
, PGR pa AL ih hea) exp/e6 | 0,87] 1,07 | 0,86 | 1,12 | 0,83 | 1,24 
2 | 4}12| 4,38] 0,72] 1,78] 0,82) 4,36] 0,86] 1,02 pep) Tee eee | Ae i, OSE ee eee 
3 1,40 | 1,42] 1,00! 4,12] 0,58) 4,96] 0,86] 0,94 Bep/Bo | 1,22] 0,88 | 1,20 | 0,82 | 2,16 | 0,82 
A 1,10 | 1,331 0,93] 1.40] 0,58] 1:77| 0;851 0.94 | : 


lig paccMoTpeHus STHX pesyJbTATOB He Culelyer KaKOro-H60 ABHOrO mpe- 
UMYIecTBa OJHOTO BapHaHTa Mepex APyrHMu. Bmecte c TeM, KpacHad uM 3eeHaA 
KOOPAMHATbI BO BTOPOM BapHaHTe H3MeHAIOTCA HeCKOJIbKO MeHbule. IlosTomy 
Bj JabHelwem mpey- 
NOUTeHHE ObIIO OTTAHO U6 
BTOPOMY BapHaHTy 


Haas a= 505 a Taga. 


Beero 6pI1I0 o6cu1eq0- 
| BaHO 3000 uenoBeK, a 
-COBMeCcTHO c 500 ucnpl- 
| Ta@HHbIMM Ha BCex Ba- 
| pHantax 3500, us Hux 
MyXuHH 2263 u *ex- 
mau 1236. Pesyabratoi 
 TIpHBeeHbl B Tabu. 3. 
Koaddunvext aHo- (iii 
MaJibHOcTH A KkKovle6- a LUMO IN IMO A OTC EL EL CG, 
JeTCA B Mpejenax 0,44 er 

—1,86. Pacnpenenenne ; 

yucnta N, Ha6OmomzaTemeH B 3aBHCHMOCTH OT BeJIMYHHbI UX 3eJICHO-CHHETO 
OTHOWCHHA a,/a, HMeeT PABHOMePHOe CllafaHue B O6€ CTOPOHbI OT MaKCHMyMa 
6e3 KaKUX-HOO CIEOB JOMOJIHUTeEJIbHbIX, XOTA Obl HM HH3KHX, MAKCHMYMOB, 
KaK 3TO XapaKTepHO ja elTepaHoMaJioB H MpoTaHoMasos. Hecummerpua 
paclipeqeeHHA OTHOCHTeJIbHO MaKCHMyMa OObSACHAeTCA HaJIMYHeM JIM NOKH- 
JOTO BOspacTa, TpeGOBaBLUHX Coble CHHErO WBeTa, YeM MOJOLbIe. B Tabu. 3 
MIPHBOAHTCA OTMeMbHO paclipeseteHne unca HaosuOLaTeneH cTapuie 60 ser. 
YmeubilenHe a,/Aa, CBUeTeIbCTBYeT OO YyCHJICHHH %XeJITOH MHIMeHTaHH C 
BO3pacToM. CylllecTBeHHO OTMETHTb, YTO MAKCHMaJIbHOe YMCJIO eHTepaHoMa- 
0B (32) 4 mpoTaHoMasios (12) NpHxo_HTCA Ha TO Ke CaMOe 3HAaYeHHE 3eJIeHO- 
CHHero OTHOWeHHA a,/a, = 2,89, Kak HM B OOmen rpynne (1057). Takum 
06pa30M, BTOpOH BapWaHT UCIbITaHHA He MOABepXeH BJIMAHMIO aHOMAJIbHOCTH 
MepBbIxX JByX MpHemHUKoB. Cpequ 3500 yemoBek oco6O BbILeIAIOTCA 1Ba Cy4aA 
(xenmnupt 20 u 25 ner) c KoadpuuNeHTOM aHoMasibuHocTH 0,44 4 0,52 *. Bai 
UcCIeNOBaH elle OMMH HaOslOLaTeb B Bospacte 67 wet (A = 0,60). 

IIpopoguaucb: 1) uccnemopaHve Cc MOMOULbIO NOJMXpoMaTHYeCKUX TaOJTHIL 
lOcrosoit (8); 2) uccmeqoBanve Ha aHOMasiocKone POH (‘): a) ocrpotbl uBeTo- 
PagIMUHA MapavienbHO BCeM TpeM (bH3HOJIOrMyeCKMM OCAM, 0) AHOMaJIbHOCTH 
MlepBbIX JByX IIpH€MHHKOB B 2Ke/ITOM PesIeeEBCKOM PpaBeHCTBe, 3) H3MepeHHe 
KOOPJ\HHaT WBeTOB cileKTpa; 4) OMpeyeseHHe MOPOPOBbIX SVVIMICOB IBeTOpas- 
JIM4CHHA Ha CIBOCHHOM KOJIOpHMeTpe. 

Ha6mognatenb M. B. B. (a = 0,52) autan Bce TaOJIMUbI, B TOM YHCe WM TpPH- 
TaHomuueckue. Octpota IBeTOpa3IMYeHHA JIA TpeX MPpH€MHHKOB OKasaJiacb 
HOpMasbHOH. B xeTOM peseeBCKOM ypaBHeHHH OH He MOF TOUHO ypaBHHBaTh 
*KEJITbI UBeT CMECbIO KPaCHOFO HM 3eJIeHOFO, Tak KaK 9Ta CMECb IIpeCTaBJAMAaCh 
emy Ooulee cuHeBaToH. B cHHe-3e/leHOM ypaBHeHHH HaOsMOMaTeIb NPOHSBOAU 


520 


* Ucceqopanuio ylalocb MOJBeprHyTb TOJIbKO BTOpy!lO H3 HHX. 
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yCTaHOBKH C 3aMeTHBIM pasOpocom, o6vlaax, MO-BHAMMOMY, HeKOTOPOH UBeTO- 
ca6ccTb10o. M3mepenve KOOpAMHaT CN€KTPaIbHbIX UBETOB MPONSEODHCCh i 
YCTaHOBKe, COCTOABIUNEH H3 MOHOXpOMaTOpa H TpeXUBeTHOTO KOJOPUMETpa TOU. 
Hismepenne SHeprul WIA MpvBemeHHA K PaBHOSHEPreTHYeECKCMYy CM€KTPy BbI- 
OJHAOCb = C MOMOLLbIO NporpaslyNpoBaHHOrO cemeHOBOrO COTC3JIeEMeHTA. 
Ha6mozaTeib BBINOIHHJI MATb NOAHbIX WHKJOB NO CNekTpy C 3aMeTHbIM 

pas6pocoM aHHbIX, OCCO€HHO BCHHEH 
»Anomanen Haba MEG yacTu cnekTpa. JiBa NOJHbIX UMKJIa NO 
REEL CeKTpy ObIIM BBbINOJHeHbI YeTbIPbMA 
a HOPM@JIbHBIMA HaOstonaTenamu. Ha 
pic. 2 BHAHO ABHOE OTCTYNVJI€HHe «CH- 


Heli» 6, H OTUACTH «3eeHOM» 0, KPHBbIX 


aHOMaJla OT VCpe],HCHHBIX HOpMaJIb- 
a. oe o AXOMANtH. 
20" 8 Hata MER 
3 3 8 ° ° a x 
40 s 
oe ° 4 a 
° ° 
° 
Y x x* x 
% x* x*%ox 
x x 
10 LXRix BR irre hts DOU CUCU GC OGO0 
00000 06° S : A : 
Or NS eS ee ee ee 
400 500 G00 Wbyt 
7’ g : g Habniodamene bb03R ACTH, QHOMANUEL 
chow: 


Puc. 2 Puce. 3 


HbIX YETLIPCX KPHBbIX. OTMMUHE OT HOPMbI «KPaCHOl» KPHBOH C, OUeHb HeBe- 
JIMKO: OHO JI@KHT B NpesesaxX HOPMAJIbHbIX BapHallul. 

UToObl peluuTb BOMpoc O HaJIMUMH B ruasy OcO6OH MHrMeHTaluu un O06 
H3MC€HCHHH CNeKTPaJIbHOM YYBCTBHTebHOCTH CaMHX IIPH€MHUKOB, ObIIO MpH- 
M€H€HO HeCKOJIbKO TpvHemos. Bpuncyenbl oTHomenua (°, *) KOOpyuHaT aHo- 
MaJia WH HOPMaJIbHOrO HaOsloqaTedA a,/a,; 6,/6,; 6,/é,. Onn onpexenamuch 
MO CNeKTpy C pasHOH cTelenbio jocToBepHocTH. HanOonee pocToBepHble OT- 
peskH, OMHAKO, HHKaK He OObEAMHAIOTCA B ONY COMO KpuBylo (puc. 3). ITO 
yKa3blIBaeT Ha M3M€HEHHE CIeKTPaIbHOH UYYBCTBHTeIbHOCTH CaMHX MpHem- 
HHKOB, a H€ Ha BJIMAHME cBeTCHusbTpa. Take pH pacueTe TpeXiUBeTHbIX 
KosulMeHTOB NO MeTony Palita (7°): nonyunsoch Gombice pasnnuune 
M@XK]y JaHHbIMH aHOMaJla HW HOPMaJIbHOrO HaGwsOWaTesIA, “ero He ObIVIO Obl 
B CJlyyae TMrMeHTaluH. I]pwem nepecueta KOOpAMHAT CNEKTPaJIbHbIX ILBETOB 
anomayia (M. B. B.) uw verTbipex HOpMasbHbIX HaOOMaTeNeli U3 CHCTeEMbI OCHOB- 
HbIX IBeTOB TpHOopa B OCHOBHY!O (usHovorMyeckylo cHcTeMy * MOKa3aJI 3Ha- 
YATebHOE OTCTYMeHHe CHHeli KOOPAHHATHIB, aHOMaJIa OT HOPMbI pH MouTH 
MOJIHOM COBMaeHHH AByX ApyruxX KoopyunaT. 

Ocrpora uBeropasinuenua (M. B. B.) u3syaganacb Ha aHoManockone TOU 
H C MOMOMLbIO CBOCHHOFO KoOpuMetpa (1”). Ha Hem OblIM OMpesemeHB NOporo~ 
BbI€ SJIMMCbI BOKpyr MATH WBeToB. IlapaeubHO MOporoBble 9JVIMMCH ONpe- 


* TlockolbKy CBA3b MEXKLY AHOMAIbHOH cbu3sMouOrMyecKoli CucTeMoil U HOPMAJIbHOH He cy~ 
ulecTByeT, TAKOM MpHeM HMeeT TOMbKO YCOBHOe 3HaYeHHE; KaK HHTePMpeTalluad aHHbIX aHOMavia 
Ip HaGM0LeHMM HX HOPMAJIbHbIM Ta30M. O_HaKO Mp 2TOM MOXKHO OOHApyXUTb, KaKolt us 
TpeX MpHeMHUKOB ABJIACTCA H3MCHCHHBIM B CBOeH UYBCTBHTeMbHocTH (11), 
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aon wiv 


N* No* 

a,/a 

sie A o6ujan |qeftrep-| npor- | noxu- Gsite A o6uyas |qefitep-| mpor- | noxu- 

rpynna| ayom. | anom. | sme rpymna| aHom. | anom. | sie 

ee ee ee ee 

1,26 0,44 1 2,50 0,87 597 18 9 

1,34 0,46 4 1 2,69 0,93 744 24 9 

1,42 0,49 1 1 2,89 1,00 1057 32 12 

1,91 0,52 5 1 3 3,12 1,08 249 7 2 

1,60 0,55 4 3 3,37 Aa 185 4 

{,70 0,59 17 { 1 2 3,67 ‘erat 77 1 

1,80 0,62 24 1 3 4,00 1,38 35 1 

1,92 0,66 42 3 4.39 1,52 5 

2,04 0,70 Ue 1 1 3 4,83 1,67 5 

2,18 0,75 1156), ce 4 2 5,37 1,86 1 

2533 0,31 219 9 2 1 


* Wugekc 2 O3Ha¥aeT, YTO RAHHbie OTHOCATCA KO BTOPOMy BapHaHTy. 


AeCNATHCb JWIt TeX %e UWBETOB HW HOPMAJIbHBIM HaOwtOLaTeem. Pasmepbl Mo- 
porospix 3muuncop (M. B. B.) B 6ombuiMHcTBe Culy4yaeB axKe MeHbIUIe, YeM y 
HOPMaJIbHbIX HaOsonaTeneH. Ilo opnenTauuH 2muMCbI TakKxKe pasMualOTCA 
OYeHb MaJlO. OTO, KaK MW OMCHKH OCTPOTbI UBeTOPas/IMYeHHA JIA TpeX MpHeMHH- 
KOB Ha aHOMaJIOCKONe, MO3BOJIAeT YTBepKlaTb, YTO IlBeTOpasvIM¥eHHe y Hero 
HOPMaJIbHO. OHaKO OTHOCHTeIbHaA MOFpellHOCTh pH H3MepeHHAX KPUHBbIX 
<JIOKeCHHA OKasallacb pasaB 3—4 60JIbLIe HOpMBI. 

OcHOBHO!i BbIBO, Hale paOoTbl: TPHTaHOMauA Tuna a =0,5 o6ycoBseHa 
U3MCHEHHEM CIE€KTPa/IbHOH UYBCTBHTCIbHOCTH TpeTbero Bua MPpHeEMHHKOB. 
-B To xe BpeMA y JIM MO*KUMOTO BO3PacTa MpOABMeHHe TPHTAaHOMAJIbHOCTH BBI- 
3BaHO %KeJITOBaTOH MHIMeHTalHeH, HCKarKalouleH BosyeicTBHe H3JIyYeHHH Ha 
CHHEYYBCTBUTEIbHEIM MPHEMHHK C HOPMaJIbHOH KpHBOHM CNeKTpaJIbHOU 4yBCTBH- 
TeIbHOCTH**, BepoaATHOCTb MpOABJICHHA B MOJIONOM BO3pacTe TPHTAaHOMAaJIMH TH- 
Ma a@ = 0,5 MOXKHO CUHTaTb paBHOH mpHmMepHo 0,0003. 

V3 onucaHHblX HM HCCJIeqOBaHHbIX TpeX UBeTOBbIX yPpaBHeHHH HeKOTOpOe 
MpeMOuTeHHe MOMKHO OTIaTb ypaBHeHHtO L445 + L555 = Lag7- 

Mcnbiranve wBeTopa3nueHua aHomasa M. B. B. pa3auuHbIMH MeTO,aMH 
AalO MpOTHEOpeyHBble pe3yJIbTAaTbl. OTO TpeOyer abHeHWero H3yUeHHA, 
Tak 2%Ke Kak H Culyualt c Ko9pPuuMeHTOM aHOMaJIbHOcTH NopsagKa 1,8. 


Iloctynuao 
| 27 XII 1958 
UWUMTMUPOBAHHAS JIATEPATYPA 

1B. Engelking, Arch. f.Ophthal., 116, 196 (1925). 2M. Richter, Grindriss, 
d. Farbenlehre d. Gegenwart, 1940, S. 85; W. Jaeger, Die Farbe, 4, H. 4 6, 197 (1955); 
H. Oloff, Klin. Monatsbl. Augenheilk., 94, 11 (1935); L. Schmidt, Klin. Monatsbl. 
Augenheilk., 109, 635 (1943); R. Crone, Brit. J. Ophthal., 40, 462 (1956);H. Meitner, 
Klin. Monatsbl. Augenheilk., 107, 293 (1941); W. Trendelenburg, Klin. Monatsbl. 
Pricentieitkes (| 106,0537%.< (194)) 05 EH. lO.e ropa; JAMS 88) Ne 6, 105k #951): 
SiG aawWeaplidam Sciences 10.0603 (1945).0 2 eel davaiicul me Ene ViauKan © cay hola ameAntc 
Ophthal., 29, 37 (1938). ® A. Kohlrausch, Handb. d. norm. u. pathol. Phys., 12 (2), 
1516. 7? T.H.Paytuaun, Buobu3zuxa, 2,8. 6, 734 (1957). § E.H.lOctosa, JAH, 90, 
Ne 4, 533 (1953). 9 I. Kries, Helmholtz Handb. d. Phys. Optik, 333 (1911). 7° W. 
Wright, Researches on normal and defective colour vision, 1946, p. 126. 1! T. H. Pay- 
wma, BO BitikoGerm@ims, MUNG TUG, We CE )s ite isl IP espa al me JVNGL 
92, 943 (1953); TMpo61empr cuz. ont., 12, 207 (1958). 


** MocjeqOBaHHe HaGOlaTeIA C BO3PAaCTHOH AHOMAJIbHOCTbIO MPOBORNMOCh B TEX %Ke Ha- 
mpaprexuax Bce ta6auupl [OcroBolt NpouNTbiBaIMCb MpaBHIbHO: OCTpoTa WBeTOpPAasM4eHHA TO 
BCEM TP@M MIpHeMHHKaM HOpMa.IbHa; pewleeBCKoe paBeHCTBO B Mpetetax Hopmul. M3mepenne 
KOOPAMHAT UBETOB CMeKTpa MOKa3a/IO H3MCHEHHE MPOTHB HOPMb! BCeX TpexX KOOPAMHAT, HO 
Ooubule Bcero «cHHei». OrHomeHHA @’,/a,,0',/0,,6’,/6, AAA AHOMabHOrO HaOMOTaTeA M HOp- 
MaJIbHOrO MOryT ObITb OObEAMHEHb! CBOHMH HaOosee JOCTOBeEpHbIMM yuaCTKaMH B OTHY OOulyto 
maBuyio KpHByro. Ee MoxKHO paCCMaTpHBaTb Kak KpHByiO CleKTpaIbHoro MponycKaHusA CBe- 
TopubTpa (Cc MoriouleHHeM MpeHMyulecTBeHHO B CHHeH YaCTH CMeKTpa), ABAAIOWerOcA B 
3TOM cayyae MpuutHo anomadbHocTH. [loATBepxKTeHHeM CJLYKUT TakoKe OTCYTCTBHE pa3- 
AMUHA B TpeXUBETHBIX KOSPpHUMeHTaX aHOMaIa MH HOPMa/bHOrO HaOMOLaTeMA, pacCuMTaHHbIX 
mo Metory Patira (1°). Uccneqopanve Ha CABOCHHOM KOJOpuMeTpe NOKa3a0, YTO SAMHMNCHI 
mpeTopasiuuenua pasa B 1,5 Oombule SAAMMCOB HOPMabHOrO HaOMOMATeMA, BOSMOXHO 3a CUET 
‘loporoporo KpUTepHA. OpHeHnTalia S/WIHMICOB He OTIM4aacb OT HOPMHI. 
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Jloxnanm Akafemun nwayk CCCP 
1960. Tom 130, N: 6 


BHO@®HSHKA 


WM. ©. CTOAHOBA, T. A. HEKPACOBA u A. JI. 3AMJIEC 


HCCJIENOBAHHE KOJIJIATEHA BO BJIAXKHOM COCTOAHHHK 
B FASOBOH MUKPOKAMEPE 3JIEKTPOHHOLO MHKPOCKOTIA. 
MEKCTBHE HA KOJIJIATEH HOHW3MPYFOIWETO H3JIY4EHHSA 


(ITpedcmaeaeno axademuxom A. H. Onapuxoim 31 VII 1959) 


Ho mocyieqHero BpeMeHH OObEKTHI JIA HCCJIELOBAHHA B 3JIEKTPOHHOM MHKpO- 
CKONe MOMellaJIHCb B BLICOKHH BaKYYM, B KOTOPOM OHH CHJIbHO OO6€3BOKUBAIOTCH — 
Jia OnoulornyeckHX TpelapaToB, K YHCJY KOTOPbIX OTHOCHTCA HM KOJJareH, 
BOa ABJIACTCH CyULeCTBeHHOM COCTaBHOM YaCTbIO CTPpyKTypbI; yAasleHHe Baru: 
MO2KET IPHBeECTH K OMpeeJIeHHbIM HCKaKEHUAM CTPYKTYPbI AaHHOro OeKOBOrO: 
oOpa3uBaHHA. 

l3yueHHe CTPOeHHA BJlaxKHbIX OOLEKTOB JO CHX NOP BO3MOXKHO ObIO TOJIbKO} 
KOCBeEHHBIM IyTeM, C HCIOb3OBaHHeM MeTOJa OTMEYAaTKOB (*). OMHaKO STHM METO-: 
HOM MOXHO OOHapyXHTb TOMbKO CTPyKTYpy NOBepXHOCTH TOFO CJIOA, C KOTO- 
poro OblI cyelaH OTMeyaToK. | 

Mcnoub3s0BpaHve MeTOAa Fras0BOl MMKpOKaMepbl JJICKTPOHHOrO MUKpOCKoNa- 
(*) a0 HaM BO3MOXHOCTb HaGsIOMaTb KOJIMareH BO B/la2%KHOM COCTOAHHM HeMO- 
CPpeCTBeHHO B 3JIEKTPOHHOM MHKpockone. Byuiara O6bekTa B Mpolecce uccieqoBa— 
HHA efO B 3JIEKTPOHHOM MHKPOCKONe COXpaHsAeTcA OslaroqapaA TOMY, 4TO OH 
TloMellaeTca B CMellMaJIbHy!O MUKPOKaMepy M@XKLY ABYMA 3allHTHbIMH WWIeHKa— 
MH, KOTOpble IpelATCTBYIOT HCTeYeHHIO 1a3a WH NapOB BObI M3 KaMepbl OObEKTOB: 
BKOJIOHHY MpHOopa. C NOMOLbIO KOMMYTAaLMOHHOH CHCTeMbI, COeAHHEHHOH C MH- 
KpOKaMepOH, JaBleHHe ra3a B KaMepe MOXET peryJIMpOBaTbcA B Mpomecce Ha- 
OOLeHHA B Mpezeiax oT 760 mm prt. cr. 20 107— 1074 wn prt. cr. IIpu stom uc- 
CI€LYeEMbIH B 3JIEKTPOHHOM MHKPOCKONe OObEKT HaXOMUNTCH B aTMOCHepe Hacbi— 
U,CHHOTO Ip JaHHOM Temilepatype H 3aqaHHOM JaBJIeHHH Mapa, Tak Kak B KaMe— 
pe Bceryla OcTaeTCA H38ObITOK CBOOOAHOM Bar, B TO BPeMA KaK B KOJIOHHE MH— 
KpOCKONa COXpaHAeTCA BbICOKMH BakyyM. 

Heculeqopanne KOsareHa MpOBOAMOCb Ha CyXOMKUMUAX KPbICHHOFO XBOCTA,. 
MMKPOTOMHbl€ Cpebl KOTOPOrO AHCMeprupOBaJINCb B TOMOFeHH3aTOpe pH CKO- 
poctu 8000—10000 06/muu. JLnutenbHOcTb WucneprupoBanna 5 mun. Mccneqo- 
BaHHA MpOBOJHJINCb B 9JIEKTPOHHOM MHKPOCKONe Ip YCKOPAIOWLeM HalipsAxKeHHH 
75 kB. Bobijedenuble MpelapaTb pesBapuTesbHO HMYeEM He OOpadaTHIBaJIHCh 
(QeKTPOHHOe OKpaliuBaHue MH OTTeHeHHe). 

Hamu uccseqoBasuch KOsareH BO BJla2%KHOM COCTOAHHM HW KOJWareH, BbICy— 
WICHHbI Ha BOsyxe Nocwe O6YYeHHA, BbICyWIeHHbIi B BaKyyMe H B BakyyMe 
Mocne oOuyyeHun. UcceqoBaHne MOKpbIX M BBICYWIeHHBIX Noce O6mnyueHua 
ipelapaTOB MbI IpOBOAHJIM Ha OJHOM H TOM %Ke OOBEKTE H Ha OJHUX H TeX Ke (u6- 
PH/aX KOJWareHa. OTO JaslO HAM BOSMOXHOCTb HaGMOaTb 3a U3MeCHEHMAMH, 
HallpMMep, MepHOAOB NOBTOPAeMOCTH H MJIOTHOCTH BOJIOKHa B Mporecce BbICbI- 
XaHuA. 

HcceqoBanua BulaxKHbIX OOEKTOB NOKasasM, YTO OHM OGaalor Nonepey- 
HOM MCYePYeHHOCThIO, IPHYeM 3HAYeHMA MepHOLOB NOBTOPAeMOCTH KOeOMOTCH 
Mey 3HaveHuAMH 650 u 860 A; Oombulee UNC MepHonOB NOBTOpsemocTH co- 
OTBETCTBOBaO 3HayeHHAM 680 A (puc. | a). pu BeicymuBanuu o6mnyueHHbIXx 
OObEKTOB Ha BOSAyXe MPOHCXOAMO H3MeHEHHE NepvosoB NoBTopsemocru. Ecaw 
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ho3a O6slyyeHHA B TeyeHHe 5 ceK. He pesbiiana 10’ r, TO Ha6momanocb YMe€Hb- 

eHve NepHOL0B NOBTOpAeMOcTH AO 3HayeHHH 620 A. IIpu Gonee BEIcoKUX 103aXx 
Ouly4eHua (10° r 3a 5 cek.) MepHogEl NOBTOpsAeMOcTH 3HaUHTeJIbHO yBeJIHUHBa- 
HCb, a Ha OTJCJIbHBIX YUaCTKaX HMeJIO MECTO JaxKe UCuUe3HOBeHHe NosocatTocTu 
puc. | 6). B Ta6n. | mpusogzatcs 3Havenua M€pHOAOB NOBTOpAeMOCTH, paccuH- 


Ta6Oauua 4 Ta6aunna 2 


Tlepwonst nopropsemocru (B A) 


MOKPbIX d, HM BHICYMICHHBIX Mocae Hsmenenue mepvoxos nopropse- 
o6nyuenua dy buOpusiat MOCTH (B A) BZOuNb OCH PuOpHsDI 
Ne fo 
onpita| 4 d, dds ceeue dy dy d2/dy 
xz I : 
| 

1 690 870 esas 4 665 740 414 

2 860 1430 eee 700 740 1,06 

: 720 945 AoA 750 790 1,06 

(| ae | | te » | om | as | se 

695 | 750 | 41,08 


aHHbIe [JIA MOKPbIX HM BbICYWeCHHbIX Tlocwle O6yueHHA PuOpH, Wpuyem pac- 
YeTbI CeNaHb! JIA OMHOH MU TOM xe *uOpubI — MOKpOH u BbICyWeHHOH. M3me- 
HEHHE Ne€pHOXOB MOBTOPAeCMOCTH MOKET HMETb MECTO HE TOJIbKO OT *UOpHVIBI 
K uOpHe, HO HM BJOb OHOH UH TOL 2%e PuOpusap (puc. | a’). MB aTOM cayyae 
Mocie BbICYIIMBaHHA WMeeT MECTO COOTBETCTBYIOUee YBeHYeHHe TMepvoroB. 
MOBTOpAeMmocTH (Ta6.t. 2). 

Tlocwie BbICbIXaHUA HaGsOMaeTCA He TOJIbKO H3MeHeHHe NepHoxoB NOBTopse- 
MOCTH, HO H H3MeHeHHe XapakTepa caMoH uOpuJipl. Ec BulaxkHbIe OObEKTHI 
OMHOPOLHHI B MepleHANKy JApHOM K OCH (uOpHJIbI HallpaBJIeHHH, TO B BbICyIWeH- 
{HbIX MOcyle OOJyYYeHHA OObeEKTaX yacTO HaOsOMaeTCA YaCTHUHOe YHHYTORKeHue 
|MOMOCaTOCTH, paccjloeHHe PuOpH bl WIM, BepHee, OTAeeHHe OT Hee HrObya- 
THIX OOpa3s0BaHHH, paCHOJOKeHHbIX BOb PUOPHJbI, HHOrZa C HeEKOTOPOH 
TeHJCHUMeH K OOpasOBaHHI0 BUTKAa C OOJIbUIMM Warom (puc. | 6’). 

Ha6.mojjaemble H3MCHEHHA B CTPYKTYPe KOJIJlareHa MOryT ObITb BbISBaHb! BIMA- 
|H H€MBBICOKOrO BakyyMa HJM HOHM3Hpyloulero JelicTBHA 2eKTpOHOB. CpaB- 
|HHTeJIbHbIe HCCIEQOBaHHA OObEKTOB, BbICYWICHHbIX Ha BO3yXe HM B BbICOKOM Ba- 
iKyyMe, JalOT OTBeET Ha BOIpOc O TOM, KaKOM M3 STHX ABYX NMPOWeccoB ABMAeTCH 
moeoOsaarouluM. 

B auTepatype umeetca Ooublloe KOMHYECTBO PaOOT, NOCBAILEHHBIX HCCeqO- 
BaHHIO JMCMeprupoOBaHHOrO KOJIareHa, BbICyWIeEHHOrO Ha BO3zyxe. OHako B 
9THX paOoTaX JIA yBeMYeHHA KOHTpacta M300paxkKeHuA AucHeprupoBaHHblii 
KOJIareH OOpabaTbIBaJICH COJIbIO TAXKENOFO MeTaJa (QeKTPOHHOe OKpallMBa- 
jHMe) HIM oTTeHasIca. MccneqoBaHuli HHIeM He OOpaOOTaHHbIX OObEKTOB OYeCHL 
Mauio (°). 

Ham ompiTsl c AuciepcHel KOJWareHa, BbICyINeHHOrO Ha BO3yxe, He NOKa- 
3aJIM OOJIbUIOrO MOCTOAHCTBa MepHOOB MOBTOPAeMOCTH; HX 3HayeHuA KOWIeOa- 
JMCb B Iipexemtax oT 520 Wo 620 A, Ipuyem mpeoOmaatoulue 3HaveHHA COCTaB- 
JAM BemuynHy 580 — 610 A. 3HaueHua MepHoxoB NOBTOP#eMOCTH KOJWarena, 
BBICYIICHHOFO B BakyyMe 0 OOsyyeHHa (15 yac. Ip JaBsenuy 107% MM pr. cT.), 
NOJFYYHINCh Tak2%Ke HKe, TEM JIA MOKPbIX OObEKTOB. 

Mx penuuuna KouleGasach MexKy 3HaveHuaMu 5001590 A. Takum o6pasom, 
He3aBHCHMO OT MeTOla CYIKH (Ha BOSLyXe HJIM B BakyyMe) MepHosbl NoBTopse- 
MOCTH JIM CyXHX OObEKTOB BCera HWKE, YEM JIA BAKHbIX. CuleMOBaTeJIbHO, 
YBeJIMYeHHe NepHOROB MOBTOpHeMOCTH y CyXHX OObeKTOB mocjie UX NpelBapu- 
TEIbHOTO OOJYYeHHA CBAZAHO C HOHMSHPYIOUIMM eHCTBHEM SJIeKTPOHOB. 

TlomyueHHble pesybTaTbI pacliMpsAIOT, C OMHOM CTOPOHBI, HALIM MpexcTaBae- 
HMA O CTPOCHHH KOsareHa, C pyro — ABJAIOTCH YeTKHM HHAMKATOPOM Ha 
eHicTBHe HOHH3UPyloulero M3JYYeHHA Ha KOJI aren. 
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Kak noKa3asM pe3yJIbTaTbl HaOJIOMeHHM, H30OpaxKenve BMaKHbIX PuOpHs 
6oulee KOHTpacTHo, 4eM cyxHx. IlonepeyHai UCYePpYeHHOCTb CTAaHOBHTC 
6oslee YETKO BbIPAXKeCHHOM. OTH aHHbIe OMpOBepraloT BbICKa3SaHHble PaHee IIPe, 
craBsieHua (*), corsiacHO KOTOPbIM BOJa pacnOJlaraeTCA HEOPHeCHTHPOBAaHHO B CBE 
JIbIX TOIOCaX H TEM CaMbIM BbI3bIBaeT YHHYTOMKeHHE HCYEPYEHHOCTH KOJWIareH 
YpesnueHne KOHTpacta H306paxKeHHA FOBOPHT OO yBeJIMYeHHH CTeMeHH Ope 
Tau OJlaroapaA OPHeHTHPOBaHHOMY IIPHCOeMMHEHHIO BOI K OMMpeesIeHHb 
CTPYKTYPHbIM 9JI@MeHTaM KOJJlareHa. OTH pesy/bTAaTbl HaXOMATCA B NOJIHC 
corjlacH C JaHHbIMA peHTTeHOCTpyKTypHoro aHawu3a Nog OombutuMu (°) HM 
JibiMu (°) yrulaMH. 

BecbMa HHTePeCHbIMH ABJIAIOTCH H3MCHEHUA CTPYKTYPbI, KOTOpble HaOVJI 
JlatOTCA Ip BbICYIUMBaHHA PHOPHJ, MpeABapHTeJIbHO OO/1YYeHHBIX B IJIEKTPO! 
HoM MuKpockone. MoxHO BbICKa3aTb MpeqMosoxwKenne, YTO MOA BJIHAHHEM P 
[Malu HawHHaeTCA OTMEMeHHE KaKOrO-TO BelLeCTBa, BO3MO%KHO HW YaCTHUHOe O 
TesleHHe MpoOKOssarena, B pe3yJIbTaTe Gero YeTYe BbIABAeTCA XapakTep pacil 
JO*KeHHA MpOKOMMareHa B KOMJareHOBOH uOpusne. Takue Ke pesyJbTal 
ObIIH HaMH MovyyeHb! Ip PpakWHOHHPOBaHHUN KOJareHa JepMbl TeeHKa WH 
paTHbim Oydepom pH 4 moce npesBapHTebHOK OOpaOOTKH yKCYCHOKHCJIb 
6ydepom (1—1,5 r wa 1 a yKcycHo KucaoTb H 60 r Ha | a NaCl). O6pa6ort 
WHTpaTOM H YKCYCHOH KHCJIOTOH BbIZbIBaeT OTZe/IeHHe MpOKOJ arena, KOJIM4 
CTBO KOTOPOrO 3aBHCHT OT BUa M BO3pacta *KuBOTHOrO. Ha OAHOHM JeKTPOHHC 
MUKpodotorpadun OcTaTKa Mocwle YacTHYHOrO OTeJIeEHHA MpOKOJareHa Hé 
ylaslocb 3acpuKcupOBaTb Hayaslo OTAeNeHMA MpoKOMMarena. OOHapyXeHbIHTOn 
qaTble OOpa30BaHHsA, paCMOJIO*KeHHble MapaebHO OcH duOpuAE (prc. 2). | 

: [Ipokosareu, KOTOpbIH O6pa3yeT HapyxKHylO OOK alKy KOJIareHOBOrO KO! 
f1JI€KCa, MOKET PacNOJIORKUTbCA Pa3JIMYHbIM OOpa30M. MoxkuHo Obl10 Obl IpHHAT 
YTO NIpOKOJ aren OO6pa3yeT KOJIbIO BOKPYF KOJIJIaCTPOMHHAa HW TaKHM OOpa30M Mt 
XKET BHIMOJIHATb CK PeMVJIAIOULYIO pOvIb. Takoe NpesNosloxwKeHue ABJIAETCA MpocTpal 
CTBCHHO BO3MO2KHBIM, TaK Kak, M0 JaHHbiIM Berxep u Jloru (‘), AHHa MpOKO. 
areHoBoH Wenw paBHa MpHOumusuTembuo 3000 A. Ec mpuusatb, uTO Anamel 
(buOpuuisbt pasen 1000 A, To okpyxHOocTb ee coctaBuT oKom0 3000 A. Ognak 
IIPHBeACHHbIe JaHHble MPOTHBOPeyaT STHM IIpelcTaBJICHHAM: OHH MOKa3bIBalo’ 
YTO MIpHCOeAMHEHHE MPOKOJareHa UAeT MNO AHHeE PuOpuHl. 

HeoObsacHeHHOH OcTaeTCA MIpH4YHHa YBeHYeHHA NepHOOB MOBTOpsAeMoct 
OOJTYYeHHBIX PHOPHJI Moce BbICbIXaHHA. Ilo STOMy NOBOY MbI MOXKEM BBICK: 
3aTb TIpeqMnosowKeHHe O€3 S9KCNEPHMeHTaJIbHOrO OOOCHOBAaHHA eFo. 

Hi3pecTHo, uTo (buOpHsia KOMareHa OKPpyKeHa OYCHb TOHKOM O6O00UKO! 
KOTOpax MOXEeT ObITb BbIABJICHA MOce CMelNabHbIX O6paboToK (*). Tor dak’ 
4YTO OOpaboTKa rHaJypOHHas0H cMocoOcTByeT HX OTZeNeHHIO (°), MpHBOMI 
K NpeAMOOKEeHHIO, YTO STH OOOMOUKH NOMMCaxXapHAHOrO XapakTepa. Oun cxKpel 
JIAKOT CTPYKTYPY KOMMareHOoBOH HOpHJIbI HW CO3LalOT HeCKOJIbKO HalpsxKel 
HOe COCTOHHHe STUX CPUOPHJWI; paspbIB, Wake HeMOMHbIN, MOXKeT MpHBeCT 
K OCcuaOJIeHHIO HallpsxKeHHH WH K HeEKOTOPOMY BBINPAMJIGHHIO CTPyKTYyPHb 
QJIEMEHTOB. OTO MpelNosoxweHue TpeOyeT JONOMHUTeEMbHOFO TOKazaTeJIbCTB: 

Hakonell, OcTaHOBHMCA Ha CaMOM JelicTBHM HOHH3NPyOulero u3yeHHs 
Panee HaMH ObIJIO MOKa3aHO, TO IMEKTPOHOrpaduyecKku MeTOR ABAAeTCA 6 
Jiee YYBCTBUTCJIbHBIM METOJOM OOHaPyKeHHA BJIHAHHA MOHMSUPylollero H3y4 
HHA, YeM 9JJIEKTPOHHOMMKpockornyeckHH (1°). OqHakO eCJIM HMeIOTCA Kaku 
JIH60 KOJIMYECTBEHHbI€ MOKa3aTeJIH, TO 9JIEKTPOHHOMUKPOCKOMMYeCKHH ABIAeTC 
Take JOCTaTOYHO UYBCTBHTCIbHbIM MeTOJOM VIA OOHapy2KeHHA BIE! 
HHA HOHH3SHPYIollero u3JIyueHHA. B Halliem Clyuae TAKHM KOJIMYCCTBCHHBIM Me 
YHKOM CJIY KUT BeJIMYHHA MepHoda MOBTOpsemocTH. OGHapyKuBaeTca H3MeHEHI 
MepHOOB NOBTOPACMOCTH MO BJIMAHHEM HOHH3HPYIOUlero U3 yYeHHA. OTH u3M 
HEHUA HaOMO{alOTCA HE TOJIbKO OT OMHOFO ONbITa K Apyromy (T. e. WIA pa3svIM4Hb 
3EKTPOHHbIX MHKpootorpapuk), HO Wake Ha OHO H TOM xe SeKTPOHHC 
MUKpoororpapuu; Ha OHOH HM TOH xe *hHOpHse 3aMeTHLI USMeHeHUA Mepy 
OB MOBTOPACMOCTH, NPpHYeM STH H3MeHEHHA MYT MocTeneHHO NO HanpaBs 
HHIO OCH BOJIOKHa (CM. TaOul. | HW 2). STO yKa3bIBaeT Ha TO, YTO ecTpykiwua Gest 
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Pue. 1. ODnexTpounble mukpohotorpaduu AucneprupoBakHoro CYXOKMIMA KPbICHHOrO XBOCcTa: 
a, a’— BaxKuHble OOBEKTHI, 6, 6’— BbICyUIeHHbIe Ha BO3Myxe mocme OOmyueHua. V =705 kB 


Puce. 2. OcraTok KouareHa JlepMbl TesleHKa, 

dpakUMOHMpoBaHHblii WATpaTHbIM Oydepom 

pH 4 nocae mpeqpapuTenbHol oOpadoTKH 
ykcycuokucibim Oydepom. V = 60 kB 


JLAH, tT. *130, Ne 6, Croanosa, Hexpacosa, Saiisec 


MO], BUMAHHeM MOHH3HPylolllero H3JIyYYeHHA HET HEOAHOPOHO JaxKe NO AHHe 
OMHOK HM TOH xe Pupusa. 

Takum 06pas0m, MpsMmoe HcCJ1eqOBaHHe Ba KHEIX OObEKTOB B 3/IEKTPOHHOM 
MMKPOCKONe NOKa3aJl0, YTO OHH OOMaalOT MepHOAMYHOCTbIO CTPyKTYyPpbI, HO 
MepHObL MOBTOPAeMOCTH OOVIbIe, YeEM Y CYXHX OObEKTOB, YTO HAXOJHTCA B XO- 
pOllem CoriacHH C JaHHbIMM PeHTTeHOCTPYKTYPHOFO aHaH3a NOM MaJIbIMH yrsa- 
MH. Iloq BJIMAHHeEM HOHH3HPytOllero u3JIyYYeHHA MPOHCXOANT pa3pbIB HEKOTO- 
pbiX cBa3eH B KOJareHOBOH uOpusie. ITH U3MCHEHHA Jas HAM BO3MOXKHOCTb 
yCTaHOBHTb XapakTep pacNOJIOKeHHA MpOKOJMareHa B KOJIJIafeHOBOM KOMIIIeKCe,. 

B saksloveHHe CUHTAeM CBOHM MpHATHBIM OJTOM noGOsarojapuTb 
lO. M. Kyutnupa 3a nuTepec K paoore. 


_ Tloctynuso 
24 VII 1959 
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IKOJOLH A PACTEHHI 
B. II. BEJIbKOB 


HEKOTOPbIE 3AKOHOMEPHOCTH PA3BUTHA JKABOTO NOKPOBA 
HA BbIPYBKAX 
(ITpedcmaezeno akxademuxom B. H. Cyxauesoim 24 XI 1959) 


B pa6orax O %KHBOM MOKpoBe BbIPyOOK OCHOBHOe BHHMaHHve y/eJxeTC 
XapakTepWcTHKe H3MeHeHHH OoTaHMYecKOrO cOCcTaBa HM TyCTOTbl TPpaBOCTO: 
nocie pyOKu seca (*~*), a B NocileqHee BpeMaA H Ksaccudukallun BLIpyOoK 1 
IpH3Haky MpeoOlaqaHuA OTJebHbIX BUOB pacTeHHlt (7°). | 

Bompocpt 0 cnoco6ax noceieHHuA HM pacnpOcTpaHeHHA TpaBAHUCTHIX pacreau 
Ha BbIpyOkaxX H3yYeHb! HeOCTaTOUHO. 

IIpuHaATo CuHTaTb, YTO THMMUHbIe CBETOJIOOMBbIe PacTeHHA BEIPyOOK NIC 
ABJIAIOTCA 3feCb 3a CUeT HasleTa CeMAH C COCeAHHX TMOWlayeH. OfHaKko 9T 
pacnpocTpaHeHHoe MHeHHe He ABJIACTCA Pe3yJIbTaTOM UccIeMOBaHHH HW HE 
o6ocHOBaHHO. JocTaTOUHO, HalmpHMep, COMOCTaBHTb CJiefytoulee: ObicTpoe 3a 
pacTaHve BbIpyOOK 31aKaMH OObIUHO CBASbIBaIOT C pacceJIeHHeM HX MYTel 
CeM€HHOFO pa3MHOXKeHUA, a BMECTe C TEM NIPUBOMAT NaHHIe O Me/WIEHHOM pas 
BUTHH BCXOJOB 3/1aKOB Ha BbIpyOKAX HM HM3KOH BCXOXKECTH CeMAH TaKMX THIMY 
HbIX PaCTeHHH BbIpyOOK, Kak BelHuKu (%, 4, }4). 

OcHoBHaad 3afaua HacTosileH padortpt gaKlodamlach B pelleHuu HavMeHe 
u3y4eHHOrO BOMpOca — Bompoca O POJIH CeMeHHOrTO pa3MHO?KeHHA OCHOBHBI 
KOMNOHeEHTOB TpaBAHOFO NOKpoBa BbIPyOOK B ero pa3sBHTHH. 

B 9TOM acnekTe H3y¥aJINCb cJlelylollwe THMMYHbIe pacTeHHA BEIPyOOK 1} 
@JIbHHKaX-KHCJIMYHHKaX WH YepHHYHHKaX: BeHHUK JlecHoH (Calamagrosti: 
arundinaceae Roth.), BelHHukK Ha3seMubIlt (C. epigeios Roth.), myropuk JepHuc 
Tati (Deschamsia caespitosa P. B.), nonepula oObfkHoBeHHasd (Agrostis vul 
garis L.) u uBaH-uaH (Chamaenerium angustifolium L.). 

PaOota BpmoiHeHa B 1953—1956 rr. B JleHuuHrpagcKon o62. B pesyabrar 
HcculeqOBaHHl Optio ycTaHOBIeHO, 4TO CeMeHa BeliHMKa JIeCHOTO M BeliHUKé 
Ha3eMHOrO OO/lafaloT He HH3KOH, a BLICOKOH BcxoxecTbIO (70—90%), Ho 1 
OOBIMHBEIX YCIOBHAX SHEPIH4YHO MpOpacraloT He B TOM cOspeBaHUA, a cueLytO 
We BeCHOH, Nocje 3HMHero mOKox. Y BeltHHKa Ha3eMHOFO 3HeEpru4yHoe Mmpo 
pacTaHue CeMAH MOXKeT MpOHCXOAMT H B FO UX COSpeBaHHA, HO AWA 9TOr 
TpeOyeTca MOcTaTOUHO BbICOKad TeMMepatypa. 

CemeHa JIyroBuka JlepHUCTOTO, MOJIeBHIbt OOLIKHOBeHHOH 4H, OCcO6eHHO 
MBaH-4at AOBOJIbHO XOPOIMO MpOpacraloT B Fok CO38peBaHHA MPH CpaBHUTeJIbHC 
HH3KOH Temnepatype (Ta6u. 1). 

Ta6muna 4 


IIpopacranue cBexecoOpaHHblxX CeMAH MPH pa3sH4HOM pexuMe TeMnepatyppl * 


Komuu. mpopocm. cemax Bpems deep att nein uae 
Buy pacrenua ; 
5—7° 7—15° | 17—30° 5—7° | 7—15° | 17—30° 

a ee ee ee ee eee 
Betuuk Ha3eMHBIii ape DNAS (eo) 39 24 8 
Jlyropuk jepHuctHit 8,0 9,0 99,0 31 44 8 
Ilonepuna o6bIKHOBeHHAaA 9,0 37,0 93,0 2M 44 8 
Vpan-yait 6,0 77,0 93,0 24 10 6 


* B ykagaHHbIxX Mpeyeax TeMNepaTypa maBHO H3MeHANaCh B TeyeHHe CYyTOK. 
** 75% OT OOulero 4HCIa MpopocuiHXx. 
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_ Tlocne nepvogza 3uMHero noKos oOcHOBHad Macca ceMaH JIYPOBHKa JepHu- 
cToro MH NONEBUIUbI OObIKHOBeHHOH MmpOpactaer Mp Temnepatype, He mpeBbimalo- 
me 16—18° B Teuenne 9 cyrTox. 

CuleQOBaTebHO, eCTeCTBEHHbIe TOLOBbIe H3MeHeHUA TeMilepaTypbI HaHGoulee 
OulaPONPHATHE! JIA MaccoBoro mpopacTaHuA ceMaH BeliHUKOB, JIYPOBHKa Hi M0- 
JI€BUIbI He B Of MX COSpeBaHHA, a BECHOMi CeAyroulero roja. 

BaxkHbiM (pakTOpoM mpopacraHuA ceMaAH Ha BbIpyOKax sBuJseTCA BilaxK- 
HOCTb NOBeEPXHOCTH NOYBbI, OCOOeEHHO B CBA3H C HaJIMuHeM ObICTpO Mepecsixai- 
Men JIeCHOH NOAcTHIKH. XOPOWIO H3BeCTHO, YTO HalMYHe JaxKe HeOombmMoro 
CNOA HepasJIOKUBINEHCA NOACTHIKH 3aTPyAHAeCT WIM HCKOUaeT BO3MOKHOCTH 
MpOpacTaHuA CeMAH ApeBecHbIX MOPOA, B YaCTHOCTH COCHBI WH eH. CemeHa 
H3YaeMbIX TPaBAHUCTHIX PaCTeHHH OKa3a/IHCb OoJlee MpMcnOcoGsJeHHBIMH K 
mpopactanuio Ha ObIcTpO mMepecbixaioulem cy6crpate. ; 

Ha BpipyOke B KHCJIMUHHKe y BelHUKOB, JYrOBMKa, MOJIeBHIbI M MBaH-4aa 
He HaOJlOJalocb 3aMeTHOTO yxXyJlleHHA npopacraHud ceMAH Ha noycTuaKe 
OObMHOH MouHOcTH (3—5 cM), Ha KOTOPO!i CeMeHa eH COBCeM He JaJIM BCXOJOB. 

I'pyHTopasd BCXOKeCTb CeMAH JIYTOBHNKA Hi MOJIeBUILbI B CpaBHeHHH C BCXOxKe- 
CTbIO CeMAH EJIH XAPaKTePU3OBaJaCb B OMbITe C/eLYIOWIMMH WOKa3aTesAaMu (B %): 


Ha secuok Ha MuHepasbHOoM 

noycTHsKe cy6cTpate 
Eb o6bikHopeHHaa 0 38 
Jlyropuk jepHucterit 39 45 
Tlonepuna o6bIKHOBeHHaA 40 40 


Xopoulee mpopactaHve ceMAH MepeuNCJIeHHbIX BUJOB TPaBAHUCTHIX pac- 
| TeHHM Ha JIecHOM NOcTHIKe OObACHAeTCA TEM, YTO HU3KAA TPeOOBATe/bHOCTb 
kK TeMMepaType H BbICOKad JHEPHA MpopacTaHHA NO3BONIAIOT MM HCMOJIb30- 
BaTb BECeHHHH NepHOl, KOra BJlaxKHOCTb MOBEPXHOCTHBIX CJIOe€B NOUBbI WOcTAa- 
TOUHO BbICOKa. BuaronpuATHble yCOBHA AA ApyXHOrO MpopacTaHuA ceMAH 
Ha ObICTpO MepecbIxXalollleM cyOcTpate co3JaroTca HU JIeTOM, Jlaxke MpH Henposon- 
X*KUTEIbHOH ORKIHBOK morose. 

B wesIoM Ke CBOMCTBa CeMAH M3YYaeMbIX PaCTeHHH TaKOBbl, YTO Macco- 
BOe IIOABJIEHHe HX BCXOJOB BO3MOXKHO B CaMbIX pa3sHOOOpasHbIX YCJIOBHAX, B 
TOM 4HCJIe H Ha Cla6O pasJIOKUBUIEHCA JICCHOH MOJCTHIKe 3HAYHTeJIbHOH MOIII- 
HOCTH. 

Ho ecm HaswMuHe NOACTHIKH He OKa3bIBaeT CYWIeCCTBeEHHOFO BJIMAHHA Ha 
MpopacTraHue CeMAH MBaH-Yas, BeHHHKOB WM ApPylrX 3/1aKOB, TO MpHKHBaeMOCTb 
UX BCXOJOB B 3HaYHTeJIbHOM Mepe 3aBHCHT OT CTeNeHH NepecbiXaHHA NMOBepXHO- 
CTHBIX CJIO€B MOUBbI H, CleMOBaTeIbHO, OT MOWHOCTH NoscTHIKH. Cy m0 OMnbi- 
TaM C MOJCYWIMBaHHeM BCXOJOB Ha *uJIbTPOBaJIbHOM OyMare, HaHOoulee UYBCT- 
BUT@JIbHBIMA K HeJOcTaTKy Bar OKa3aJIMCb BCXOJ[bl HMBaH-4ad, B MeHbilleH 
cTeleHH — BCXOJbI 31aKOB: BeHHHKa JeCHOrO, BeliHHKa Ha3eMHOYO, NOJIeBHILbI 
OObIKHOBCHHOH MH, HaKOHell, Jlyropuka JepHuctoro. Ha BpipyOKe B euIbHUKe- 
KMCIMUHHKe, TIpH HaWYHH JleCHOM MOJCTHIKH MOLHOCTbIO 3—5 CM, Take 
HaOloJaacb 3aBHCHMOCTb MIPHKMBaeMOCTH BCXOJOB OT HX YYBCTBUTeJIbHOCTH 
K nmofcywmMBanuto. Tak, Ha BTOpOH rofl mocJIe moceBa CeMAH B MOJCTHIKY CO- 
XPaHWJOCb cefyloulee KOJIMYeCTBO BCXOOB (B % OT YHCa MOABMBIWMXCA): 


Jlyropux pepHucteii SO Belinnk secnoh 14 
rp Betinnk nasemHpit =6930)=30—s Man-uaii 0 


IIpu nocepe ceMaH B MMHepaJIbHbIi TpyHT MpwKHBaeMOCTbh BCXOJOB Bel: 
HuKa viecHoro cocTaBiia 45%, a BCXOJOB yroBuka AepHucToro. 50%. |. 

Ornay BCXOJOB yCHMBaeTCA C YBesHYeHHEM MOL[HOCTH JIeCHOM MOACTHIKH, 
a Ha MMKPONOBbIeHNAX, Te peXUM BaKHOCTH OCOOeHHO HeOsarOnpHATeH, 
He COXPaHAIOTCH BCXOJbI He TOAbKO HBaH-YaAv, HO HM 3J1aKOB. ee 

Omuako Ha BbIpyOKaX B KHCJIMYHHKAaX MMKPONOBbIIeHHA 3aHUMAIOT. He- 
BHAYMTeEbHYIO YaCTb MWIOWaH, M B OOWIEM YCOBHA AIA NPWKUBAHHA BCXOJOB 
3flecb JlOcTaTOuHO OarOmpHATHHI. ae AR 
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IlpwkuBilveca BCXObi H3Y4aeMBIX BHOB 3/1aKOB OObIMHO pasBUBalOTCA Hi 
CBeKHX BLIPyOKAX HaCTOJbKO XOPOWO, ITO Yepes ABa-TpH Toa ocse MOceB 
UX C@MAH OOpa3yercA BEICOKMH TpaBocToH. XOpoOlive ycOBHA AIA pasBUTH} 
BCXOJOB, OCOOCHHO HBaH-4an, CO3aloTCA HW Ha CBeKUX TapAX MH OFHeBHUaX. |} 

PasBuTHe BCXOJOB 3/1laKOB MOKET 3HAUHTEJIbHO 3aMeIATHCA MOA BUIMAHHED 
pasJIM4HbIX MaKTOPOB, H3 KOTOPhiX Ha BbIPyOKaxX HanOOuIbIlee 3HaveHHe HME 
et HallHuMe TycToro TpaBocTroa HM yMOTHeHHe MOUBbI. YMIOTHeHHe MOUBE 
ocO6eHHO 3aMeTHO OTPaxkaeTCAH Ha BCXOJaX BeHHHKa JIeCHOrO, TeMI Pa3sBHTHi 
KOTOPbIX 3HAYMTEIbHO 3aMeWIACTCA B CBASH C YBeMUeHHeM JaBHOCTH BbIPyOK] 
MW pa3JIOXKeHHeM PHIXJOM MecHOH MOcTHIKH. Bcxofbl MBaH-Yad, B OTHE Oj 
31aKOB, H€ MpHcMoOcoGseHbI K JWIMTeIbHOMY CYeCTBOBaHHIO B HeOMaronpHAr, 
HbIX YCIOBHAX H OBICTpO OTMHPalOT B CTy4ae HeCOOTBETCTBUA YCJIOBHM cpewt 
TpeOOBaTeJIbHOCTH HBaH-Yas. 

TakuM OOpa30M, Ha CBeKHX BbIPyOKaX B KHCJIMYHHKe HMelOTCA JOCTATOUH( 
OMalONPHATHBIe YCIOBMA KaK JIA MOCeeHHA, TAK H AIA pasBHTHA BeHHMKOB, 
JIYTOBHKa HW MOJIeBHIbI MyTeM CeMeHHOrO pa3MHOXKeHHA. 

PaccmatpuBaa Bompoc O MOceJIeHHH 3/1aKOB Ha BbIPyOKaXx, HeJIb3A He Ole 
HHTb 3HaveHHe HaJIMYHA 31aKOB NOX NOJOTOM B Ppa3sBHTHH XKHBOFO MOKPOBi 
moce pyOKH Jieca. 

H. E. JJexaros (*), noxrsepxiaa Oombuloe 3HaveHHe 3aHOCa CeEMAH 3J1aKOE 
Ha BbIpyOaeMble MOUlaH CO CTOPOHbI, OTMeYaJ, UTO B CJIbHHKaX CeBepa IIpPh 
NOBOJIbHO BBICOKOH NOHOTe ApeBocroa (0,7—0,8) B %*xHBOM MOKpoBe 4aCcTC 
BcTpeyaloTrcn BelHHKH, KOTOPHIX HacunTHIBaeTcA 4—5 9K3eMMIApOB Ha | M?, 
B pesyuibTate WeTaJIbHbIX OOcIeJOBaHHH M y4eTOB 39TH WaHHble MOATBeEPAHIMCh, 
MPpHYeM BbIACHHJIOCb, UYTO PpaCMpOcTpaHeHHOCTh 31aKOB MO MOMOrOM Jeca— 
XapakTepHoe sABJIeHHe. B cmeubIX e€JIbHHKaX-KHCJIMYHHKaX C COMKHYTOCTbIG 
nozora 0,9—1,0 B cpeqHem npuxogutca Ha | m* 1—2 oco6u BelinuKka. Berpe: 
YaeMOCTbh 31aKOB YBeJIMYMBaeTCA MPH MeHbUeH COMKHYTOCTH Moora HU OOJIb- 
IeM y4acTHH B COCTaBe HacaxKJeHHH JIMCTBeHHBIX NMOpoy. Tak, mo mosmorony 
OCHHHHKOB, OCOOeCHHO B MOJIOMHAKAX, YaCTO HMeeTCA JOBOJIbHO TyCTOH TpaBaAHOk 
MOKPOB, B COCTaBe KOTOpOrO OObIYHO MpeoGsalawoT BeEMHHUKH WIM Apyrue BUI 
31aKOB (JIYTOBHKH, MOJIeBHILbI). | 

Iloq nomorom seca 3aKH CHJIbHO yrHeTeHbl, HO MOce pyOKH Jleca OHK 
ObicTpoO paspactatotca. Ha BropoH rol 3aku, HMeBIMecd MO MOMOrOM, JO- 
cruraior BpicoTs! 1—1,5 M, a HHOra HW 2M HM HauHHaloT OOHbHO MAOLOHOCHTS. 

B KHCIM4HHKaX 3a STOT CpOK pa3pociiivecd 30aKH OObIYHO CTaHOBATCA 
mpeoOaaouluMu pacTeHHAMH B COCTaBe X%KHBOFO MOKpOBa BbIpyOoOK. 

B pesysbTaTe HacTOAeH paOoTbI BbIACHHIOCb, 4YTO B TeYeHHe MepBbrX 
AByX JleT mOce pyOKH JIeca CeMeHHOe pa3MHOXKeHHe 3aKOB He UMeeT 3HadeHUs 
B POPMAPOBaHHH UM Pa3sBUTHH TpaBAHOFO MOKPOBa Ha BbIpyOKax. BelinuK secHoH. 
JYPOBUK epHUCTbIM M NOMeBHILa He AHEMOXOPHbIe pacTeHHa, UH BeTep He OGec- 
M€4HBaeT MaCCOBOrO 3aHOCa HX Ce€MAH Ha BbIPyYOKH, a TeM OOee NOX MONO! 
meca. CeMeHa STHX pacTeHHH He pa3/leTaloTCa OT HCTOUHHKa OGCeMeHeHHA Hé 
paccrosHHe OOjee HeCKOJbKHX MeTpoB. Y KOpHeBHIHOrO 3aKa — BeHHUKE 
Ha3eMHOrO MIpeHMYleCTBeHHOe 3Ha¥eHHe MMeeT BereTaTHBHOe pa3MHOKeHHE, 
a ero CeMeHa, CYA MO YerbipeXJIeTHHM HaOJIoLeHHaM B JleHuHTpaycKon OG. 
BbISPeBalOT HeNOHOCTbIO H OOBIMHO OcCTalOoTCH B MeTewKax. B Teyenve By? 
met (43 YeTbIpex) OCTaBaJIHCb B MeTeKaX CeMeHa JIYrOBUKa AepHUCTOrO H HOWE 
BHIbl OObIKHOBEHHOH. 

_ Cmnefyer TakxKe OTMeTHTb, UTO B MOUBe CBEXUX BEIPYOOK (BO BCAKOM cuyyae 
B BePXHHX POPHSOHTAaX) MpakTHYeCKH He HMeeTCH 3aMacOB CeMAH 3/1aKOB, Tal 
Kak MOM MOIOrOM Jleca 3u1aKH OObIYHO He MOJOHOCAT. 

TimatenbHoe OOceqoBaHHe BbIPyOOK M cTallMOHapHble Ha6moLeHuA TaKx«K 
IPHBOAAT K 3aKJIIOYCHHIO OO OTCYTCTBMM 3aHOCa CeMAH 3/1aKOB CO CTOPOHE! I 
OTCYTCTBHH 3alaca UX B MOUBe CBeXKUX BbIPyOOK, TaK KaK BCXOJbI 31aKOB | 
TeveHHe MepBbIX TBYX JleT MOCe pyOKU Jeca He NOABMALOTCA. 

H3n0xKeHHbIe pesyJbTaTH HCCeOBaHHli MO3BONAIOT B caelyioueM Buy 
MpeCTaBUTb OCHOBHbIC MOMeHTbI B PasBHTHH TpaBAHOFO NOKpOBa Ha BbIpyOKax 
(372 


Tlocne py6Ku jeca 3/1aKM, HMeBIIMeCA MO MONOrOM, SHeEprH4HO paspa- 
craloTcaA WM Ha BTOPpOH TOM HayMHAalOT MVIOMOHOCHTb, B pesyJibTaTe Yero Mpo- 
HHCXOMMT exkerolHOe OOWIbHOe OOceMeHeHHe BEIpyOKH. 3a cueT Takoro O6- 
\CeMeHCHHA BOSHHKaeT C€MCHHOE MOKOJIeHHe 3/1aKOB, KOTOPOe 3alosHAeT Tpo- 
|MOKYTKH MexKy MaTepHHCKHMM OCOOAMH, CMeHAeT M BbITeCHHeT Apyrve BAD 
|pacrenuit. Tunuunbie TpaBAHHCTbIe pacTeHuA JecHOl accolMalMu ucyuesalor 
jHJIM pHoOperator NOMYMHEHHOe MOMO*KeHHE B MOKPOBe. 

Ha BpipyOkax B KNCIHUHHKe BCKOpe NOce NOABJeHHA CeMeHHOrO NoKOVe- 
HHA 31aKkOB OObMHO OOpasyeTCA CNOWIHOH 3ulaKOBbIli NOKpoB. 3apactaHue 
BLIPYOKH 31akaMH 3aMejIAeTCA, CCIM Ha BbIPYOKe WH ee YacTH MocemneTCA 
|paspacTaeTcH MBaH-Yal, CUepxUBaIOWMH PasBHTHe BCXOJOB 3J1aKOB. 
HanOonee xapakrepHot vepTol JaibHeliuux usMeHeHHH cocTaBa TpaBAHOrO 
|MOKPOBa ABJIAeTCA NOcTeNeHHOe pacmpocTpaHeHHe NO BbIpyOKe HeMpHXOTJIN- 
}B0oro JIYrOBHKa AepHuCTOTO, KOTOPHIH BMOCJIeqCTBHH CMeHAeT HM MOCTeMeHHO 
|BbITCCHAeCT BEHHHK JICECHOH, HBaH-Yali, a MHOTa WM BeHHUK HaseMHbIl, pec Oa- 
|Haroulve B COCTaBe MOKPOBa BbIPyOOK B HavaJIbHOM TepHoye ero pa3BUTuA 
| SakOHOMepHOCTH pa3BHTHA %KHBOrO MOKPOBa Ha BbIpyOKaX, H3yUeHHBIe 
|B OJHOM THe yCJIOBHH MpOW3pacTaHHA, MO-BHAMMOMY, HeJIb3A pacmpocrpa- 
‘HaTb Ha Apyrve THMb! M MOYBeEHHO-KMMaTHYecKHe paHoHbl. OfHako B CXOJ- 
‘HBIX YCJIOBHAX MPOMecchl pasBHTHA TPpaBAHOTO NOKpoOBa NOcsIe pyOKU seca He 
MMEIOT IIPHHIHMNHaJIbHbIX pa3JIHUHH. 

B yvacTHocTH, Ha BbIPyOKaX B YepHH4HUKAX, Tak Ke Kak HB KMCAMUHKaX, HO 
Ooulee 3aMeQVJICEHHBIMH _TeEMNAaMH, pacmpocTpaHslorca MU NOMyualoT npeocbaqaHne 
BeHHHKM HM JyroBpuku. PacnpocTpaHeHve 3/1aKOB 3e@Cb 3aTpyAHeHO MOTOMY, 4TO 
‘BOTHX YCJIOBHAX NO NOJOFOM Jieca OHH BCTpeyaloTCA MeHee COWJIbHO, mpe- 
MMYLIECTBEHHO HEOOJILIIMMH KYPTHHAMH, 3aHHMalouluMu Yacro 15—20% ome 
|m0umatv yuactKa. B To xe BpeMA B YePHHYHHKAaX 3HAUHTeIbHaA YaCTb TVJIO- 
‘mayu (0 35—40%) npuxosutTcs Ha JOO XOPOO BHIpaxKeHHbIX MHKPOMOBHILLIe- 
|HHH, KOTOpble AQJITO He 3apacTaloT 3JlakKaMH H3-3a HeOJIarONpUATHOFO pexKHMa™ 
| Bla2KHOCTH, a OKOIO 20—30% moBepXHOCTH MpescTaBsAaeT COOOM NMOHMKeHHBIE 
|MecTa, 3apacTaloulHe Mxamu. Ilo Mepe pa3JIOKeHHA NOACTHIKH Ha MHKPOriO- 
| BBILeHH AX YCJIOBHA JWIA pacceJieHHA 31akOB yulyumarorca. OfHako fake Ha 
| IATH-WWeECTHJICTHUX BbIPyOKaX B YepHHUHHKax fo 20—30% nviomjaqu MoxerT 
| OCTaBaTbcA He MOKPBITOH 31akaMH. 

AnvasOrHuHbih XapakTep HOCAT H3Me€HeCHHA %XHBOFO NOKPOBA MH B HEKOTOPHIX 
| Apyrux Tunax ycOBHH mpouspacranus. Tak, BbIpyOKM B COCHAKax-OpyCcHH4- 
| HHKax Ha CBe%KHX AJPECHHPOBaHHbIX CyNecuaHbIX MOUBAX TakKe JOBOJIbHO HHTEH- 
| CHBHO 3apactTaloT 31aKaMH. B oTMUMe OT KHCJIMUHMKOB H YeEpHHUHHKOB, MO NOo- 
_ TOM Jieca B OpyCHHYHHKaXx PaclpocrpakeH FlaBHbIM OOpa30M JYPOBUK H3BHJIMCTHIN - 
_(Deschampsia flexuosa Trin.), a He BeHHHKH, XOTA BCTpeyalOTCA HM NOcNeAHHe. 

|  Tlostomy B OpycHHUHUKe JIYrOBHK H3BHJIMCTHIM BCKOpe nocwe pyOKH Jeca 
| CTaHOBHTCA Mpeo6latalollMM BHOM B cocTaBe %HBOrO NoKpoBa. ByAyyn cpas- 
|HHTeJIbHO HeENPHXOTIMBBIM PacTeHHeM, OH COXpaHseT mpeoOlalaHHe H Ha 
| cTapbix BbIpyOKax. 

| Cena npec6afaiolulHx BUOB pacTeHHH MpOHCXOAUT B Cilyyae NOceeHHA 
Ha BbIpyOke MBaH-Yas, B HalpaBJIeHHM MOCTeNeHHOFO BHITeCHEHHA NOCAeAHETO 


JIYTOBHKOM. . 
JlenuHTpagwcKHl Hay¥4HO-HCCJIENOBaTebCKHH Tlocrynuao 
HHCTHTYT JI@CHOrO XO3AHCTBa 23 XI 1959 
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H. A. BEP)KBUHCKAS 


MPOHHLAEMOCTb TEMATOSHUE®AJIMUECKOFO BAPbEPA 
KAK TNOKA3ATEJIb COCTOAHHA AKKJIMMATH3SALHNH 
‘ K TFHMOKCHH 


(ITpedcmaenreno axademuxom B. A, Qxeenveapdmom 24 VIT 1959) 


Panee mbt coo6utasu (7) 0 MpOoBO,HMOM B saOopaTopuu, pyKoBogqumol E, M 
Kpeticom, B TeyeHve 9 JIeT, XPOHHYECKOM OMbITe MO H3yYeHHIO Mpowecca akKIE 
MaTH3allH 2XHMBOTHBIX K MOHW2KEHHOMY COMep2xKaHHlO KuCJIOpoga B Cpefe. B pay 
PasHOOOpasHbIX ABJICEHHH, COCTABJIAIOULUX CJIOMKHY!IO KapTHHYy Mpolecca akKJIV 
MaTH3alHH BbICIUMX MOSBOHOUHBIX K KHCJIOPOAHOMy TOIOTaHHW, ObIJIO 3aMeyeH 
H 3aKOHOMepHOe U3MeHeHHe COCTOAHUA NPOHHWaeMOcTH reMaTOSHILedasMyecKor: 
Oapbepa. | 

Uccnenopanucb I u II nNoKoneHua «rumoKcHyecKUx» KDBIC, T. e. KPBICB 
MocaxKeHHbIe B PHMOKCHYeCKHe YCOBUA BO B3pocOM cocTosHHH (I MOKOJIeHHe) 
HW POAMBUIeecA OT HHX MOTOMCTBO (II moKovleHHe), a TaKxKe VITI—XI MOKOWJE 
HMA KpbIC, 2KHBUWIMX B FHmMoKCMYeCKOH cpere. 

_ [IponumaemocTtb TremaTodHiepamuyeckoro Oapbepa K P wcceqoBamac 
im Vivo C MOMOMIbIO paqMoaKTHBHOrO docdata HaTpuA, MeyeHHOoroO P*, Tloxase 
TeJIEM BeJIMYHHbI MpOHHWaemocTH Oapbepa CJIYKUJIM BeJIMYHHbI OTHOCHTeJIbHO! 
YAeCAbHOM payMoaKTMBHOCTH HeOpraHuyecKoro dccdpata mo3sra (OYPye Mosre 


C): 2 


cs VPine mosra 
OY Pye Mosra = >= 
Y Pug kposu 


100. 


~ Meuexpit cboctbaT BBOLMJICA %KMBOTHBIM BHYTPHOPIOUIMHHO, B KOWMU4eCTR 
0,2 wCu P+ 10 ur P* ya lr Beca tema. Uepes 5; 10 u 15 Muu. aKcmost 
inn c P* xKMBOTHBIX 3aMOPpa?xKHBaJIM B HKHIKOM KUCOpOLe, MO3P BLIKOMAWMBAaN 
M3 depella u ONpepesAJIM B HEM COfepxKanue HU PaquoaKTUBHOCTS Heoprannyeckt 
ro M Apyrux dochatros. Mpakuna Heopranwyeckoro dbocata Bplmemnamac 
B U300yTaHOJIOBOM SKCTpakTe M He COfepxKasa IpuMecu Apyrux cbocdaTos mosré 

Te 2Ke COeMMHeHMA HCCeOBaNIMCb MB KPOBH, B3ATOH M3 paspesa COHHO!i a] 
TepHM B NoceqHuli MOMeHT Mepeq 3aMopaxxHBaHHemM x%uBoTHOrO. Kpome Tor 
B MOsre OMpeeAOCh COMepKaHve KPOBH, M BBOLMACh NONpaBka Ha paqu 
aKTHBHOCTh H® mosrogoit Kposu. Baarogapa BBeleHHI0 STO NonpaBKu Mou 
Wad UCTHHHY!IO YPy@ MOsra, He 3arpaA3HeHHY!O IPHMeCbIO BLICOKOpamMoaKTH! 
HOH KpoBu (4,°). 

B TaOa. 1 mpeqcraprennt cpequve apudMeTwueckue uv cpeqHne omu6Ku man 
BC€X BeJIMYMH, HEOOXOAMMBIX pH BerncieHuHn OYPy mosra, mo 5- wu 15-M 
HYTHEIM OnbiTaM. TaOsvila MoKa3pIBaeT, UTO KomMyecTBO P*2, npoHHKUero CKBO: 
reMatosuiepaimueckui Oappep 3a 5 u 15 Mun. ompira, y «rumoKcuyecku: 
KPBIC 3HAYMTeIbHO BbIllle, YM y KPbIC KOHTPOJIbHBIX. ITO BEICTyMaeT pu aH 
WM3e BeIMYHH KaK OYPyo, TaK UY Py® Mosra. Oe BemMunHEI Yepe35 u 15 Mu 
SKCHOSHILMM BbILMe y «TMMOKCHYECKUX» KPbIC B CPaBHEHHH C KpbICaMH KOHTpOM 
HbIMH. 

YBeuM4eHne CKOpocTH NpoHuKHoBenua P® 43 KpoBH B MO3r y «PHNOKCHYeCKH 
KPbIC CONPOBO*KaeTcCA, BePOATHO, MOBBIWICHHeEM MIPpOHMIaeMocTH BCeX TUCT 
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| Taown wast 
Cpequve BeIMYHHDI AIA BEIUHCTeHHA CKOpOCTH MpOHMKHOBeHHA P*? H3 KpOBM B MOSI KpBIC 


ee ee Ee ee eee 
Coyepxkanue P, pr 


Ha 1 Tr Mosra VPH@ HMn/MuH 


@pakiusa OY PyHq@ Mosra 


(Mim) (M+m) (M+m) 
ee eee ee ee ee 
| 
KoutTpoup, H® mosra 131 +8,2 15,4 3,1} 1,4 +0,21 | 19 
MHH. H® kposu 52 +2,7 1570,0 +166,0 
_ Tunoxcua, H® mosra 124 19,3 16,4 2,4| 2,1 +0,46 | 22 
D MHH. H® xkposu o4 +2,8 1255,0 +138,0 
Koutpomp, H® mosra 135 2250 2,9} 1,4 40,18 | 19 
15 Mun. - H® xposu 56 1620,0 15470 ie 
Tunoxcua, H® mosra 130 24,6 | 2a AE) 5} 22 
15 Mun. H® xpos 49 1219.0 = 790 4 


PeMaTHuecKUX Oapbepos. OO sTOM KOCBeHHO CBUJeTeMLCTByeT OOMbIIAaA CKOPOCTb 
| yOrrpanna PawvOaKTHBHOCTH KPOBH y «rMMOKCHYeCKHX» KpbIC B CpaBHeHHH C 
/KOHTPOJIeM. 

 B kaxkjoM onpite «rMMoKcwyecKHM> UM KOHTPOJIbHBIM KPbICaM BBOJHJIOCb 
OMMHAKOBOe, PaccuHTaHHoe NO Becy Tesla KOMMYeCTBO MeyeHOrO doctpaTa, 
O2HUM H TeM >Ke IIMpvileM, B3ATOe H3 OHO CKJIAHKH. OgHako uepe3 5 MAH. 
akcnosuiuu cpequaa YP lyr P Kposu y «runoKcu- 


| WECKHX» KpbIC paBHAacb 1255 umn/MuH (cM. puc umn faa 
1, 7), ay KOHTpombHEIX KppIc (2) 1570 umn/muu. 2107 
Yepes 15 mun. 9KcNo3sMHH COXpaHAIOTCA Te *e ee 


OTHOWeHuA — cpeqHad YP Tur P xkposu «rufiio- 
KcwueCKHUX» Kpbic paBHa 1219 umn/mMuH NpoTuB 
1620 umn/MuH y KOHTPOJIbHbIX KDHIC. 

~ SBHO Oovlee ObicTpoe yObiBaHHe payvoaKTMBHO- 
CTH KPOBH MOKeT OOBACHATHCA TEM, YTO BCe TKaHH 
OpraHv3Ma «rHMOKCH4eCKUX» KpbIC ObIcTpee 3aXBa- ine 
TbiBalor P®? v3 KpOBH B CpaBHeHMH C KOHTPOJIb- 5 A se 
HbIMM KpbICaMH, T. €. MpoOHHiaemocTp K P Bcer 
rucToreMaTHYeCKHX OapbepoB y akKJIMMaTH3upye- 
MBIX KPbIC MOBbILWeHa. : 

CrenyeT, OHaKO, OTMeTHTb, YTO HaOMIOMaeMy!0 MOBbILeHHY!O CKOPOCTb IIpo- 
-HuKHOBeHuA P* y3 KpOBM B MOSr HU Apyrue OpraHbl Heb3A C TBEPMOM yBepeH- 
HOCTbIO OTHECTH TOJIbKO K MOBBIIMeHHIO MpoHuaemocTu Oapbepos. Hemb3sa 
He YUIATHIBATh HaOOMaemMoe B THMNOKCHH paspacTaHue COCyAHCTOM CeTH OpraHoB, 
OCOOeHHO CHJIbHO BbIPaxKeHHOe B mosre (*). STO OOycuIOBHT OovIbIly10 MOBepx- 
HOCTb COMNPHKOCHOBeHHA MO3POBOH TKAaHH C KPOBCHOCHBIMM KallvJJIapaMu vu, 
CNIeIOBATebHO, YBe/IMGeHHY!O TMOBepXHOCTb, Yepes KOTOPy!o coBepllaetcaA 06- 
Me€H MO3ra C KpOBb\O. 

Bce xe MBI Homaraem, 4TO Oomee 2HeEpru4yHE 3axBaT P* u3 KpOBH BCeMU 
TKAHAMM OpraHu3Ma «rHMOKCMYeCKHX» KPbIC, B KOTOPbIX HeT TaKOrO CHJIbHOTO 
paspacTaHusa cocyfucTOl CeTH, KaK B MO3sre, MOXKET CBHCTEIbCTBOBATb B MOJIb- 
3y MOBbIMeHuA MpoHutaemocTu Oapbepos. Ene Oonee yOenuTebHO CBUJeTeNb- 
CTBYIOT B MO/Ib3Y MOBbILeHHA MPpOHHIaeMOcTH OapbepoB pe3syIbTATbI [aJibHen- 
Wero aHamiu3a 9KCIepMMeHTaJIbHOrO MaTepHaJa. 

Ha puc. 2 npencTaBeHbl KpHBbIe, Hs00parkatoulve CTaTHCTHYeECKOe paciipe- 
jenenve BemuuuH OYPym MO3ra MO OTICJbHbIM OMbITAM. Jina ux mocTpoenua 
Becb [[Malla30H HHIMBHyaJIbHBIX KONeOaHH BeMIHH OYPyo Mo3sra pa3z6uT 
Ha PaBHBIe MHTePBaJIbI, HAHECeHHBIe Ha OCb aOCIMCc; TO OCH OPAMHAT OTOAKEHO 
YHCNO OMbITOB, IIpHXOMALMLeeCcA Ha TOT HJM Pyro WHTepBaJ HM BLIPaKeHHOe B 
MIpOleHTax OT BCeFO YMCA OMbITOB C KHBOTHIMM aHHOM Ppyniibl. 

Kpupaa a wus00paxkaer cTaTucTMuecKoe paciipeferenve BeMYMH OY Pu 
Mo3ra Y KOHTPOJbHBIX KPbIC. OTO THMMYHAA OMHOBEPIIMHHAaA KPMBaA HOP- 
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YP Ie P kpotu 
a 


Puc. 4 


MasIbHOrO paciipeyesieHHA, MAKCHMYM KOTOPOH MpHXOAMTCA Ha HMHTePBas 
0,2—1,0%. 

Kpusaa 6 ws00paxkaeT cTaTHcTuueckoe paciipeeenve BeJIMYMH OY Py. 
Mo3ra JIA BCeX HCCeEOBAHHLIX «PHMOKCHYeCKHX» KpbIC. OHA OYEHb pacTAHyT: 
WM HMeeT JIBa MAKCHMyMa, 4TO CBHJETeIbCTByeT O NOABJEHHH Pa3sHOPOMHOCT! 
B HCCIelyeMOM MaTepHaue. 

Ec.uv pa3OuTb Tellepb BCe OMbITbI Ha PHIMOKCHYECKUX» KpbICax Ha [Be PpyMME 
MW B MlepByl0 rpyMlly BKJOUNT OMpITb! Ha Kpbicax I u I] noKonennk (KpHBas 6) 
a BO BTOpylo rpymmy — onbitp Ha Kppicax VIII—XI noxonennli (kpuBas 2) 
TO OKa3bIBaeTCA, UTO BCE H3MCHEHHA B MpOHHIaeMocTH reMaTOSHILeaMyeCKOr 
6apbepa k P® magaior nal u II moKosenua «rumoKcuyeckuXx» Kppic. KpuBas cta 
THCTHYeCKOrO pacipenemeHua BemHInH OY Pye MO3 
ra y HHX MMeeT Ba MaKCHMyMa, 00a C/JIBAHYTbID 


4 2 B CTOpOHY O6/IbUIMX BeJIMYHH, YEM B KOHTPOMIE 
40 (kpuBasx 6). IlepBpiii HeOObUIOH MAaKCHMyM IIpHxO 
20 qMTcaA Ha uHTepBan 1,0 —1,8% (B KkoHTpoue OH OT 

MeuaeTCA B HHTepBasie 0,2—1,0), a BTOpOH, OCHOB 


Zs HOH, MaKCHMyM — Ha BeMunHE!E OPH MOsré 

Bplllle 2,6%. HaOmogaetca pe3Kui CBHI BCTOPOHY 

a 6 NOBbILeCHHA CKOpOCTH NpOHHKHOBeHHA P*? CKBO3E 
2O reMaTodHileasMyecKHH Oapbep. 

Y VII—XI nokomennit «runokcuyecKux» KpBiC 

% COCTOAHHE MpOHHaemocTH Oapbepa HOpMasIM3yeTCaA, 

40 6 KpuBaa cTaTucTHyeCKOroO paciipeseyieHiA BeJIHUME 

20 OYPym MO3ra Y HHX (KPpHBaxA 2) MOJHOCTbIO BO3- 

BpalllaeTCA K MOJIOMKCHHIO KOHTPOJIbHOM KPHBOH. 

” Ona CTaHOBHTCA OJHOBeEpLIHHHOH C MaKCHMYMOM E 

4 paiione 0,2—1,0%. Bapbepuas dbyHkiuHa MO3roBor 

a TK@HH BOCCT@HaBJIMBaeTCA Ha HOPM@JIbHOM yPOBHe, 

2 XOTA, YTO BAKHO MOAYeEPKHYTb, paspacTaHHe cocy- 


J\MCTOM CeTH B MOsre elle coxpansetca (°), 

Takum o6pa30M OOHapyxusl0cb, 4TO MepBple 

NOKOJICHHA KPbIC, TMOMeLICHHbIX B TMMOKCHYeCKYyIO 
Due cpely, OOHapyxXuBaloT HapylleHHe OapbepHon 
(YHKWMH MO3rOBOH TKaHH; y NO3qHuX MOKOJeHHA 

OHA BO3BpalllaeTca K HOpMe. 

O6bsacHeHHe ONMCaHHOMy (akTY MOXKHO HaliTH Np COMOCTaBJIeHHH COCTOR- 
HMA MIpOHHaemMocTH reMaTOSHWePasMyeckoro Oapbepa Cc COCTOAHMeM KJIe€TOU- 
HOrO S9HepreTHyecKoro OOMeHa B MO3re y FHMOKCHYeCKHX H KOHTPOJIbHbIX KPBIC 
(7). OkaspIBaeTcA, UTO y NepBbIX NOKOMeCHHH «TMNOKCHYeCKUX» KpBIC ele He 06- 
HapyXUBaeTcA peakUMH Ha FHMOKCHIO CO CTOPOHbI KJIeTOUHOrO O6MeHa. B 9TO 
BpeMH y HUX HaOJOMaeTCA HM NOBbILIeHHaA MpOHHaeMOcTb reMaTosHedasnye- 
ckoro Oappepa. Y mo3qHHx MoKosenHH «runoKcuyeckux» xKpsic (VIII—XI 
B HallMX OMbITaX) MOBbIIMeHa CKOPOCTb OKHCJMTebHOrO choctbopuMpoBaHus 
B MOsre, T. €. BbIPaOoTaHa KOMI€HCATOPHaA peaKIMA KeTOUHOrO O6MeHa Ha 
H3MCHEHHYy!0 Cpely, H MpOHHIaeMOcTbh remMaTOSHePamuyeckoro Gapbepa y HUX 
BOSBpalllaeTCA K HOPM@JIbHOMY YPOBHIO, 

OTH PakTbl aioT OCHOBAaHHE MpesoviaratTb, YTO B MepByto (basy Mepuoya ak- 
KJIMMaTH3al\H %KHBOTHBIX K THNOKCHM OapbepHan tbyHKUMA B OpraHH3Me HCHBI- 
TbIBA€T HEKOTOPOe NMOBpeKeHHe BCeEACTBHE HeOCTaATKa OKHMCIMTebHOM 3HeEp- 
THM, HEOOXOAMMOM JIA ee yepr%KaHuA Ha HOPMaJIbHOM ypoBHe. Bo BTopyw da3y 
MepvOfa aKKJIMMAaTH3al\HH K THMOKCHM OpraHH3M BbICWIMX MO3BOHOUHBIX BbIpa- 
OaTbIBaeT CMOCOOHOCTh GOoslee SiPeKTHBHOTO HCMOMb30BaHMA SHEP OKUE- 
CJIHTeJIbHBIX PeaKUMH, MepeXOQMT Ha HOBBIT ypOBeHb OOMeHa, H Oapb- 
epHad (yHKWMA HOpMasM3yeTcH. Hacrynaer ucCTHHHaA aKKsIMMaTHu3aIluA K 
rHMOKcHH. 

B cormacuu cO B3riaaMH pala aBTOPOB, 9TH aHHbIe yCTaHaBMIMBaIOT, 4TO 
(yHKIMA remaTosuuedamMuecKoro Oapbepa HAXOLHTCA B34BUCHMOCTH OT YPOBHA 
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9HepreTHyuecKoro OOMeHa MO3TOBOH TKaHH. OnU WaloT JOMOMHUTeMbHOe MOMTBep- 
WKeHHe TeM MpelcTaBMeHHuAM O (PU3HOJIOFHYeCKOM MeXaHH3Me TemMaTOIHMepau- 


yeckoro Oapbepa, KOTOPbIe CBA3LIBaIOT eFo C (pyHKHeli KJIeTOUHHIX 3JIEMeHTOB 
MO3ra — HePBHBIX H IVIMaJIbHbIX. 


Muctutyr dusvonoruu um. H. TI. TMasnosa Tloctynuao 
AkayemunH HaykK CCCP 22 VII 1959 
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Jloxaann Axagemun wayk CCCP 
1960. Tom 130, N 6 


PH3ZHOJIOIH f 


B. B. KOBAJIbCKHH u H. A. CAMAPHHA 


BJIAAHHE H3BbITKA CTPOHIMA HA OBMEH Ca* HP? B KOCTSAX 
(IT pedcmaeneno axademuxom A. II. Bunoepadoesim 26 X 1959) 


PaHee HaMHM ObIm0 NOKa3aHO, YTO ypOBCKasd. OoOe3Hb pacipocrpaHeHa 1} 
OMOreOXHMHYECKHX TIPOBHHIMAX, OeMHbIX KaJIbIMeM HM OTHOCHTeIbHO OOora: 
UL@HHbIX CTPOHILHeM, B KOTOPbIX, CJI€QOBaTeJIbHO, YMeCHbIWeHO OTHOLIEHHE 
Ca/Sr B nmouBax, NWTbeBbIX BOJaX, MacTOMUIHbIxX pacTeHHuax (}, ?). Takue np 
pOwHble YCJIOBHA YPOBCKHX OMOreOXHMMYeCKUX MPOBHHUAH KOppesHpylorcs 
Cc YMeHbIUeHHeM OTHOWeHuA Ca/Sr B KOCTAX %KHMBOTHBIX. XUMHYeCKHE aHaJIH3b 
KOcTell OKa3bIBalOT, YTO B palHOHaX pacMpocTpaHeHHA ypOBCKOH OOe3HH E 
KOCTAX 2KHBOTHbIX YMCHbIUeHO COJepKaHhe KaJIbluA U YBeMYeHO — CTPOHILMA. 
B onpitaxX, MOCTaBJICHHbIX Ha TeJIATaX, OblIO YCTAHOBJICHO, UTO IPH yBeJIMYeHHH 
cOjlep>KaHHA CTPOHUMA B MHUe XKMBOTHLIX B HX KOCTAX YMeHbIlaeTCA KOVJIM- 
YeCTBL KaJIbI[MA WH YBeJIMYMBaeTCA—CTPOHIMA HM Cocopa. 

Bee 9TH HCCuIeqOBaHHA NO3BOIAIOT BbICKa3aTb MpeMoOKeHHe O 3HAYeHHH 
HecOaJlaHCHpOBaHHOCTH cooTHOWeHHH Ca u Sr, coJlepKallluxca B MMe, B H3- 
MeHCHHH OOMeHa BeLIeCTB B PacTyleH KOCTH, 3a//epKKe pOcTa JIMHHbIX KOCTeH 
MW HapyWeHHH HOpMaJIbHOH (yHKUHH SNM@vsapHOoro xXpxALsa. 

Ja mpoBepku BbICKa3aHHbIX MpenomoO*KeHHH HaMH Ob NMOCTAaBJIeHBI 
ONbITH] Ha KPOJIMKaX C IIpHMeHeHHeM paMOaKTMBHbIX W3OTONOB B KaueCcTBe 
HHAHKaTOPOB H3MeHeHHH OOMeHa BellleCTB B KOCTHOM TKaHH. Bo3pact KpoJH- 
KOB MOpOJbl WHHUIMIJIa KO BPCMeHH BBeJeCHHA PaWOaKTMBHbIX H30TONOB JO- 
crural AByX MecaleB. pynmbr XHBOTHBIX OblIM MOLOOpaHbi m0 Becy. Baio m10- 
CTaBJIeHO [Be Ce€pHH OMBITOB, B KOTOPbIX HaXOfMJIOCb MO YeTHIPe 2KMBOTHHIX. 
B I cepwu Ba 2%KHBOTHBIX NOJly4aIM BTeYeHHe OMHOTO MecaAlla (MapT—anmpeuib) 
e€2KeMHeBHO NOAKOpMKy no 250 mr yrviekucoro CTpOHIUMA, Mocme vero OHO- 
BPe€M€HHO BCeM YeTbIPeEM KPOJIMKaM STOH CepuH JaBaJICA XJIOPUMCTHIH KaJIbllUuH, 
cofepxaBuni Ca**®. Bo II cepun uccneqopaHua CTaBHJIMCb M0 TaKOl 2Ke CXeme, 
4YTO H B MepBOU, HO BMeCTO MeYeHOrO KaJIbILMA KPOJHKaM JaBasu docopHo- 
KUCJIbIM HaTpHii, coxepxKapuiuh P*. )Kuporupie I cepuu OnimH 3aOuTbI Ha 
mecTbie cyTKH, I] cepHu — Ha MaTbIe cyTKH Nocme BBeqeHuA MeTKH. Yue 
pe3yJIbTaTOB UMCCJIENOBaHHA OCYLIeCTBIAJICA MOACYeTOM aKTHBHOCTH Ca*® 4 P*. 
MOTIOWLeHHbIX KOCTHOM TKaHbIO, H MpH MOMOLLM aBTOpayuorpactbuu KOCTHBIX 
msmudos. BekpesHaad kKocTb pactBopssacb B 10 Ma wWapcKol BogKH. AKTHB- 
HOCTb Ollpeleaiacb Ha mpHoOope Tuna B-2 no uncay umnyspcos 0,1 ma pac- 
TBOpa, MepecuHTaHHBIX Ha | r KocTHoro BellecTBa. JIA MOmyYeHHA LWILIMCpOE 
MJlaCTHHKH KOCTH WWIMOBaIMCb Ha MaTOBOM cTeKJIe B TJIMIepHHe C MOMO. 
UbiO KOpyHAOBoro nopouika. Payuoasrorpadbt KOCTHEIX WMdoB nomyya 
JIM Ha Pe€HTTeHOBCKOH MieHKe Tuna XX, nomb3yacb 2-cyTOUHOH sKcNO3suUMeH 
@oromerpupoBanue paqvoaBrorpados mpousBoqusu wa MuKpocboToMerpe M®-4 

PesyjbTaTbl HCCeqOBaHH, MOJyYeHHbIe MyTeM NOscueTa aKTHBHOCTH Ha 
KOMNMBINMXCA B KOCTHOH TKaHH W30TONOB, NOKa3a/IH, YTO yYBeMYeHHOe cozep 
%KaHHe CTPOHUHA B PallMOHe KPOJMKOB NPHBOAMT K YMeHbIIeHHIO OTJOKeHUS 
B KOCTAX KaJIbIUMA HW yBeHYeHHIO — docdhopa (Taba. 1). 

Ha OcHoBaHHu MpHBeeHHBIX B TaOu. 1 mOsCueTOB MOXKHO CleaTb BEIBOL 
4TO CTPOHLWHH B 3aMeTHOM CTeneHH MpenATCTByeT OTJIO%KeHHIO B KOCTAX KaJIb 
WHA, T. €. MPHBOAHT K HapylWeHHAM KaJIblMeBOro OOMeHa B KOCTHOM TKaHH 
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Ta6Oauua 1 


AxTuBHocTb Ca** u P82 B GexpeHHBIX KOCTAX KPOMMKOB, MoyyaBIMx u He nowy Yasin x 
MOQKOPMKY YIvieKHCIbIM CTPOHILMeM 


es 


NoNo Bec x usot- |!loqKkopmka yrue- Bec 6enpeHuolt Qucao umnysbcos |AKTHBHOCTb KOCT- 
KPOJIHKOB | HbIX B I/non | KHCJIbIM CTDOHIH- KOCTH BT B MHH. B 0,1 Ma | HOrO BelllecTSa B 
€M pactTBopa MMM/r+MHH. 


_ [Seana emmeminenneenmsessmenammmeeereeeee———————— ee ee eee eee eee ee ee 


Cepua I. Bpegeno Ca**Cl, 0,4 mCu na ronopy 


6 800/ 3 iB 3,750 938 25 000 
44 850/92 ss 3,580 1382 38 600 
12 900/3 ea ee 4,940 985 : 20.000 
13 850/ 3 = 3,870 1132 29 250 
Cepua Il. Bpegeno NagHP%2O, 0,25 mCu na rososy 
7 750/92 En 3,99 1405 35 213 
8 800/ 3 fe 3,09 908 30 000 
10 850/33 ae | 3,93 1851 47 160 
9 800/ 3 se | 274 966 35 645 


Tak, B OeqpeHHbIxX KOcTAX KpomHKOB NoNe 6 u 12, no cpaBHeHHlO C KOHTPOMb- 
HBIMH KpowHKaMH WNeNoe 11 u 13, ormoxeHne akTuBHOoro Kanbuua — Ca*® 
YMeHbUIMOCb NOYTH Ha 32%. 

OnpiraMv, MOCTaBJIeHHBIMH JIS BbIACHeEHHA BJIMAHUA CTPOHIHeBbIX MOL- 
KOPMOK Ha KaJIbl{MeBbii OOMeH B KOCTHOM TKaHH TeIAT, OblwIO MOKa3aHO, 4TO 
YMeHbleHHe B KOCTAX OOULeroO KaJIbllMA TOcTHraeT Np 3TOM TOMbKO 2%. Kak 
W3BCCTHO, HM TakOe HapylleHve KaJIbllMeBOro OOMeHa B KOCTHOM TKaHH, BbI3BaH- 
HO€ OTHOCHTEJIbHbIM H3ObITKOM CTPOHUMA B PallWOHe, MPHBOAUT K H3MeHeHHAM 
TOHKOH CTPYKTYPbI KOCTHOH TKaHH. 

M3 matepvasioB, NpuBeeHHBIX B TaOs. 1, MOXKHO, Jasee, ClelaTb BbIBOL, 
YTO CTPOHI[HH, BBeJCHHbIM C MHMUeH, YCHJIMBaeT OTJIOMeHHE B KOCTAX cocdopa. 
Tak, y kpomuKosp NeNe 7 u 10, nowy4yaBLIMX NOAKOpMKy YIvIeKMCJbIM CTpPOH- 
IHeM, OTNO%KeHHve tocdopa B KOCTAX yBeTHUNIOCb — y mepBoro Ha 17% uy 
BToporo — Ha 32% no cpaBHeHHIO C KOHTPOJIbHBIMH KpomuKamMu NeNe 8 u Y. 

CreneHb H3MeHe€HHA OTJIOXKeHHA B KOCTAX PalWOakTHBHOrO ocdopa, Kak 
HM B cJy¥ae paNoOakTHBHOrO KaJIbIMA, OTHOCHTCH TOJIbKO K PpalWOaKTHBHbIM 
Ww30TONaM HM MOKa3blBaeT XapakTep JelHcTBHA H3ObITKa CTPOHIMA Ha MpOeccwl 
OOMeHa BeULleCTB B KOCTROM TKaHH. 

Ha6smoflatouleeca 0], BJIMAHHeM CTPOHILHA YMeHbIUeHHe OTJIOXKCHHA B KOCTAX 
KaJIbUWA pW OJHOBpeMeHHOM yBeJIMYeHHM (ocopa yKa3biBaeT Ha ABJICHHA 
WucbyHKWMN, KOTOpble JOJIKHbI NIPMBeCTH K HapylleHHAM POPMUpOBaHNA KOCTH, 
K M3MeHeHHIO COcTaBa HM BHYTpeHHero CTpOeHHA KOCTHOrO BelllecTBa. 

YkKa3aHHble COOOpaxKeHuA JenaloT OCOOCHHO BaxKHBIM M3y4eHHe TOMOrpapuu 
HapylleHH OOMeHHDIX MpOleccoB B KOCTAX NO BJIMAHHeM OTHOCHTebHOrO U3- 
ObITKa CTPOHUMA B MMe M H3MeHeHHH B pallMOHe COOTHOLIeHHH MexKy KOJIH- 
YeCTBOM KaJIbIMA HM cTponttua. Uccneqopanua TonorpadpuuH HapyiieHu OOMeHa 
KaJIbIlMA HM Cpociopa B TKAHAX KOCTHO-CyCTaBHOrO alimapata KposuKa OblIM Mpo- 
W3BeeHbI MeTOLOM pasuoasrorpapun. Mccnegopanua Jlotua (*) ator noa- 
Hble OCHOBAHHA JIA Tako MOCTaHOBKH BOMpoca, TaK KaK MOKa3bIBaloT OCOOeH- 
HocTH oTJ0%xKeHHA Ca*> B ompedeJIeHHbIX CTPYKTYPHbIX 9JIeMeHTAaX KOCTH. 

Bpii0 yCTaHOBJIeHO, UTO MOL BIMAHHEM CTPOHUMA OcaOJIAeTCA OTNORKEHHE 
Kanbpiua (Ca*®) Bo Bcex pa3JIHUMMBIX YacTAX WudoB AIWHHOH KocTH. Ha 
dororpauax (puc. 1) noKagaHpt HHuAMM 2—2 un J—I/ HanpaBneHua doro- 
MeTPHYeCKUX paspesoB pakMoaBTorpados WMpow OelpeHHbIX KOCTeH KPOJH- 
Kos NoNe 12 u 11, mepBiii u3 KOTOpEIX NOy4as, a BTOPOK He NOsyYat NOL 
KOPMKY CTPOHI[HeM, HO 06a NOsyuMIH 3a 5 THe NO yMepuIBJeHHA M0 0,4 mCu 
Ca**, cofepxapulerocd B X/OpHcTOM KaJbluu. PactiinpposKa (pOTOMeTpH- 
yecKUX 3anuceli moKagaia (puc. 2A), ¥TO MOL BIMAHHeEM M30bITKa CTPOHUMA 
YMeHbillaeTCA OTOMKeHHe PakMOaKTHBHOrO MBZOTONAa KaJIbIHA B cyOnepHoctaiib- 
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Hol O6nacTH (c), B KOMMaKTHOM KOCTHOM BellleCTBe (2), B eerie 
ryOuaTol KocTH (3), Ha MHA NepBUYHOrO anupHusap Horo ee eae a 
(0), B cyOsmudHsapHoK 30He pocTa (g—e), B «3€PHHCTOH> KOCT ee ie = 
neratolleli K siu@usapHomy Xpslly (u), B ry6uaToH KOCTH oe ) ae 
yNJIOTHEHHOH KOCTH MOBepXHOCTHOH YacTH TOsOBKH (2). OcoGeHHo 3a} ie 
CHWKeHHe KaJIbllua HaGwlOoLaeTcA B YMVJIOTHEHHOH KOCTH niger aa ae a ie 
ronopku. IIpu qoOapke CTpOHUHA K pallMOHy Y KPOHKa sXe 3HauHTe 


2 6 


Puc. 2. A—botTomerpnueckve paspe3bl No wHHHAM J — J u 2— 2 wandos 6expeHHbIx KO- 
cteH KpomuKos Ne 12, TOHKad muHMA (NOJy4an Sr, 3atem Ca*5) nw Ne 11, ToncTaa aMHuA (NO- 
wyuan Cat), e, ey —cyOnepnoctTambHoe OTMOKeHHE; 2, 1 — B KOMMaKTHOM KOCTHOM Bellle- 
CTBe; 3, 3; — B 9HQOXOHAPabHoH ryOuaToh KocTu; 0, 0; — AMHUA NepBuyHOrO snudusapHo- 
TO OTJOKEHHA; U, Uy —B «3CPHHCTOM») KOCTH TOOBKH; K, Kj —B FryOuaToH KOCTH FONOBKH; 
2, €,;— B YMJOTHCHHOM KOCTH NOBEPXHOCTH FOJIOBKH; M, Mj —B 30He anupusapHorO xps- 
ua. Uapvna cy6snupusapHolt 30HbI pocTa KocTH: a—6— 6e3 yo6aBKu Sr kK pallMony, 
6—e—mpu pelictauu Sr. dj — pe3skoe NaleHHe aKTHBHOCTH B 30HE KOCTHO-MO3rOBOH 0- 
yioctH. 5 — potometpuyeckve paspesbl no HHHAHM J —J un 2— 2 payuoaBTorpahos manos 
OexpeHHBIX KOCTeH KpomMKOB No 7, TOHKaA HHA (NOMyyan Sr, 3aTem P82) wy Ne 8, toncTaa 
HHUA (nonyuan PS), J — nafeHve aKTHRHOCTH B 30HeE 9NHpH3apHOrO xpsAula 


cysuslacb cyOsmM@u3sapHad 30Ha pocta KOCTH (Mexy JMHHeH nepBHuHoro 
cyOsnucusapHoro oTmoxeHuA Ca *° yw smMdH3apHbIM xpsuloM). Y KpouuKa, no- 
JiydaBllero CTPOHIWHH, WMpPHHa STOH 30HbI Ha 5 JeHb MOce BBeJeCHHA MeTKH. 
Oba papa 0,64 MM, Tora Kak y KpOJIHKa, He NosyuaBWwero crponunii,— 1 Mua. 

Hadumogenua Jle6oHa, Komapa u op. (4, °) noka3amu, 4ro umpuna cy6- 
SIMPU3SapHOH 3OHbI POCcTa C/JIy2KUT NOKasaTesIeM CKOpOcTH pocta KOcTH. Ha 
OCHOBaHHM 3THX JaHHbIX MOXKHO MpeANONOKUTH, TO B HallleM ONbITe y KPOIHKA 
Ne 12 Ha6s0faocb NOX BJIMAHHEM CTPOHIHA 3aMefeHHve pocta JWIHHHOM KOCTH. 
OTOT (pakT MpeAcTaBsAeT OCOOeEHHO OOO MHTepec B CBA3H C HaGsOalolluMca 
YKOpOveHHeM JVIMHHBIX KOCTeH MPH ypoOBcKOH Ooe3HH. 

@oromerpuyeckne 3anucn (puc. 2 A) no aunuu /—I (puc. 1) noKa3ptBa- 
OT TaKXKe YMEHbINeHHOE OTJIOMKeHHE KaJIbUMA B KOMMAKTHOM KOCTH NOX BAHAHHEM 
W3ObITOUHOTO cOsep2xKaHHA CTPOHUMA B pallHoue. 
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MOLAD J, BUIIMEOLINE 
‘PMBOON QMHIhAL d@ WOMMHOdLO wiaoHMeLIh 
MHNNGOMYON s1I0 FOrceSteN ona 9 egSND Wy 
OJomaendcrou ‘(j]A BudaD) F av eXUIOdy HLIOM 
WoHHedreq eurm dedsoiraeonteg ‘“¢ ‘ong 


MOLAD Z KUMMEOLIIE “81D ep8D BHHOYoad aircon 
MOLA9 Q codah wHankrou mbedioraeonreg *(fy sv) Aundouyou osemaenht 
“OU OH M (Zp aN) WannHodLs wiaronwersA AMWdoMYoU eITBaN OHHAHAL & OJOTI 
-aenXvou :aomurody HwaLoom xiaHHadtag sopurm iedsoraeouveg *; ‘oud 


HN 


ZN 


JAH, rv. 130, Ne 6, Kopaneckuit uv Camapnua 


| 
_ Bptio mpopeyeno Takxke (poTOMeTpHpoBaHue pafuoaBrorpatbos wWvHoB 
Oe(peHHbIX KOCTelt KPOJIMKOB, KOTOPBIe MOce NOLKOPMOK YIIeKHCJIBIM CTpOH- 
MHeM MH Oe3 NOAKOPMOK (KOHTPOuIb) NONyYaM 3a 5 [Heli JO OKOHYAHUA OnbITa 
ocpopHoKucib HaTpHt, cosepxanuii MeyeHbrit docop (0,25 mCu). Woro- 
MeTPHpoBaHHe MpOBOs UOC 
B 9THX ONbiTaX 10 TAKHM Ke 
aunuam (2—2 u [—I), kak u 
B OlbITaX C paMOKaJIbIlHeM. 
@MotTomeTpHyeckHe  KpHEHIe 
(puc. 256) noka3prBaior, 4To 
10, BJIMAHHEM CTPOHILHA yBe- 
JIMUMBAaCTCA OTJOXeHHE Me- 
ueHoro docwopa B pa3vJiHu- 
HbIX TONOrpapuyecKkux 31e- 
MeHTax JWJIMHHOH KocTH (nO 
auHuu 2—2). OfHako MHOrO- 
tHCJICHHbIe (POTOMeTpHYecKHe 
3aMvcCH, MpOv3BeeHHBIe B 
| 30He SHJOXOHApabHOH ry6- 
-waTOw KOCTH, JjaloT OCHOBa- 
HHA CUHTaTh, UTO 3a Mpese- 


ee closers oOnabT ty Ha Puc. 4. @®oromerpwyeckve paspesp no mMHuaM J — J 
OTIOKeHMH  palnoocopa pagyoasrorpahos UHR 6eApeHHbIX KOCTeH KPOMUKOB 
400aBKa K pallHOHy yrvieKHC- No4, toncraa mMHuA (nonyuan Sr, 3aTem S85) w Ne 2, 
JIOTO CTPOHILHA He CKa3biBaeT- TOHKad JHHHA (Momyyan S%*) 

ea. IIpumepom morytT culy- 

XKUTb (POTOMeTpPHYecKHe KPH- 

Bble OepeHHbIX KOCTeH, NpuBeseHHble Ha puc. 3 (no «uHnn J —/J). 
B 30He pacnojlomxeHHA SMMusapHoro xpallla paluodocpop KoHWeHTpupyer- 
ca O¥eHb Maso. AHaH3 MaTepHasioB MO paciipeyeteHuio paduodocdopa B KocT- 
HOH TKaHH 3aTpyAHACTCH BO3MOXKHOCTHIO PuKcaluH cocopa opraHHyecKHMH 
BellleCTBAMH FOJIOBKH KOCTH, 9HOXOHApaIbHOH ryOuaToH KOCTH HM Apyrux ot- 
es0B. 

J[OnOJHUTeIbHO HaMH MOCTaBJIeHb! OPHEHTHPOBOUHb!e OMbITHI Ha KPOMKAaX 
WU KpblcaX Jia BbIACHeHHA BOSMOXKHOFO BIMAHHA CTPOHUMA Ha (UKCAaLLHIO Me- 
yeHon ceppt (BBoqusca Na.S*°O,) TKaHAMHM KOCTHO-cycTaBHOrO almapara. 

Merogom pauoaprorpapuu wuudos (puc. 3) KocTeli Oblwi0 ycTaHoBJeHO, 
UTO MIO, BIMAHHeEM CTPOHIHA ycusuBaeTca (uKcauna S*> opraHHuecKuM Bellle- 
CTBOM KOCTHOM TKaHH, OCOOeHHO — rouOBKH (puce. 4). Crponyuh cnoco6cTByer 
OTJIOXKeHHIO CepbI B INHU3apHOM HM CyCTaBHOM Xpalllax. 

OTu, Kak WM paHee W310X%KeHHbIe, HaOJIOLeHHA O BMAHHA CTPOHIMA Ha OT- 
JIOMKeHHE B KOCTAX MCYCHBIX KaJIbUuA UH Coctopa NO3BOAIOT ClelaTb BbIBOL 
O POJIM H36bITKa CTPOHILMA He TOKO B OOMeHEe KaJIbl\MA MH ociopa B KOCTHOK 
TKaHH, HO MW O BALMAHMH ero Ha OOMeH cociopa HU cepbl OpraHHuecKHX COeMMHeE- 
Hu KOCTH, B YaCTHOCTH Ha YBeHYeHHe cepycosepxKalllux cOeIMHeHHH B 
snudusapHom xpsime. MoxHo mpesqnonaratb, YTO pOb CTPOHIMA B OOMeHE Be- 
IN€CTB B KOCTHOM TKAHH 3HAYHTeJIbHO cCJIO*KHee, YeEM PaHee cunTamM. Crpou- 
Ii, O-BHUMOMY, OKa3bIBaeT BJIMAHHe Ha OOMeH BelllecTB B 9MpUusapHOM XxpA- 
ie H TaKHM OOpa3OM BAMAeT Ha OOPas0BaHve KOCTHOFO BEelllecTBa. 


Tlocrynuao 
26 IX 1959 
LJMTHPOBAHHAS JIMTEPATYPA 


1B. B. Kopaabc kn ii, Hoppe nanpaBleHHa HW 3afauM OuoNOrM4ecKOH XHMHM CeNbCKO- 
XO3AVICTBCHHEIX 2KHBOTHEIX B CBASH C M3yYeHHeM ONOreOXHMMYECKHX NPOBHHLMH, © M, 1958. 
2. A.CamMapuna, O pos KaJbuMA M CTPOHIMA B BOSHHKHOBCHHH YPOBCKOH 6onesHH, 
1957, Bion. Hayun.-Texn. wHcpopMaltau Bcecoio3H. Hay4H.-HCCJI. HHCT. KHBOTHOBOACTBA, Ne 2 
(1957). ?C. W. E. Lotz, J. Gallimore, G.A. Boyd, Nucleonics, 10, 28 (1952). 
Cc. P.Leblond, G. W. Wilkinson et al., Am. J. Anat., 86, 289 (1950). 
5~,.Comar, W. J. Visek et al., Am. J. Anat., 92, 361 (1953). 
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Tloxxann Akagemun nayrk CCCP 
1960. Tom 130, N 6 


PH3HOJIOTH A 


Bb. A. KYJ[PALIOB u B. E. MACTOPOBA 


O FTYMOPAJIbBHbIX ATEHTAX ®H3HOJIOTHYUECKON 
AHTHCBEPTbIBAIOWEH CHCTEMbI 


(I1pedcmaerexo axademuxom B. H. Mlanowxuxoeoim 16 VII 1959) 


B 1958 r. Ontm0 ycraHopseHo (1, ?), YTO NOABJeHHe TPOMOHHA B WHPKYJIM- 
py!ouleH KPOBH Yy 2KHBOTHBIX BbI3bIBaeT 3alJHTHYIO PeaKkI[Ml0, BbIpakKalollywcs 
B pe*beKTOPHOM BBIeJIeHHM B KPOBAHOe PYCJO BeeCTB, MOJIHOCTbIO O.10KUp y10- 
IHX mpolecc cBepTHIBaHHa. B TO Ke BpeMA OPpraHH3M, HaXOAAWMHCA B COCTOA- 
HHH TviyOoKoro OOulero HapkO3a, BP€MeHHO TepxeT STY 3alLMTHY!O peaKkILHlO, 
mpeoxpaHsloulyio ero OT ONacHOrO [WIA %KH3HH BHYTpHcocyAucToro TpoMOo- 
o6pa30BaHHa. 

IIpeqBapuTeibHbIe WaHHble CBHJeTeJIbCTBOBaIH O TOM, YTO HapyllieHHe 
CMOCOOHOCTH KPOBH CBePTbIBaTbCA MPH MOABJICHHH B KPOBAHOM pycule TpOMOMHAa 
OOYCJIOBJIeHO BbI,eJIeHHeM B KPOBb TeMapHHONMOJOOHEIX H PHOPHHOMHTHYeCKHX 
BeLECTB. . | 

Hactosulax paOoTra nocBAlleHa cMelvalbHOMy H3y4eHHIO 3alljMTHOrO JleH- 
CTBHA IpOTHB TpOMOCOOpa3z0BaHHA CPHOPHHOMMTHYeECKHX aFreHTOB Hu Tenapvua, 
IIpH BHYTPHBERHOM BBeeHHH TPOMOnHA HW TPpOMOONAacTHHa B OpraHH3M %KUBOT- 
HBIX. 

Matepuaad H MeTOAHKA. OKCNepHMeHTHI MpOBOLUMIMCb Ha GOe- 
JIbfX KpbicaxX BecOM OKOWIO 150 r. Kposb Wind aHaiv3a Opasiacb y %XHBOTHBIX H3 
v. jugularis np nomoujm winpuua. Tyla xe Jelaiucb BHYTPHBeHHbIe HHb- 
e€KILMH pacTBOpOB TpOMOMHA, TpOoMOonJIacTHHa MW renapHHa. KomMepyeckHi 
mpenapaT TpOMOuMHa OBI NouyYeH H3 Mia3sMbl WOWaqu. TpomMO6onmacTHH mpu- 
POTOBJIAJICA M3 TOJOBHOrO MO3ra KPBICbl MyTeEM 9KCTPakWHU pacTepTOH TKaHH 
(pH3HOIOrHYeCKHM pacTBopoM. JIA onpedeneHua PUOPHHOMHTHYeCKOH aKTUB- 
HOCTH KPOBH Obl MCNOb30BaH MeToy (3). 

KpoBb OT KOHTPOJIbHOrO HM MOJONMITHOTO XKUBOTHHIX Opasacb IWNMpHieM, 
IIPOMbITLIM (PH3HOJIOrMYeCKHM PacTBOPOM, B KOMYecTBe nO 0,5 MI uM HeMed- 
JIGHHO CMeWIMBasiacb B mpoOupKe. B oOpasuax KpOBH NMpelBapHTebHO oMpe- 
JeAJIOCb UMCO SPHTPOWMTOB (B CpeHeM Ha | mmM3). 

IIpo6upka ¢ KpOBbiIO NOMelaacb B BOAAHY10 OaHto mpu 37 — 37,5°. Kposp 
CBepTbIBalacb B TeyveHHe 1—2 MHH., nocwe yero MpoOupka c O6pas0BaBUIMMCA 
CryCTKOM HHKyOupoBaslacb B TeyeHHe 1,5—2 uac. pH TOM xe TeMMepaType. 
Tloce OKOHYaHHA HHKYyOaWHN COdep2xKUMOe MPOOMPKH MOMellalocb Ha YacoBoe 
CTeKJIO, CrYCTOK YJlaJIAJICH, a B CBIBOpOTKe C (POpMeHHBIMH 3JIeMeHTaMH TO]- 
CUMTHIBAJIOCb YHCIO SPHTPOMNTOB (B cpeqHeM Ha | mm®). IIpouweHTHoe oTHOMIeHHe 
YHCJIa SPHTPOWMTOB B CbIBOPOTKe K MePpBOHAYaJIbHOMY KOJIMYeCTBY SPHTPOLH- 
TOB B KPOBH, JO ee CBePTbIBAHHA, BbIpaKaeT CTeneHb CuOpHHOMMTMYeCKOH 
aKTHBHOCTH H3y4aeMOH MOOMbITHOH KpoBH. AKTMBHOCTbh TpoMOuHa omnpejle- 
JiiaCb MO BpeMeHH (B CeKyHaX) CBePTHIBAHHA OKCaaTHOH KPOBH KPBICbI 
B MpoOmpke mpu AoOaBeHHu paBHOro OObeMa pacTBopa TpoMmOnua (0,1 :0,1 ma) 
mp 37°. AKTMBHOCTb TpoMOorIacTHHa onpesenasacb TO BpeMeHH (B CeKYyH- 
aX) CBEPTbIBAaHHA OKCa/laTHOM M1a3Mbl Mp cMewiMBaHuH 0,1 Ma nuia3MbpI, 0,1 Ma 
pacrsopa CaCl, (0,025 M) u 0,1 ma rpomOonmactuHa. 

PesyabTarTb. B npeftuecrByiouem ucceqosanun (1) 6bii0 MOKa3aHo, 
4TO OMHOKpaTHaA BHYTPHBeHHaA MHbeKIMA TKaHeBOrO TPOMOOMNAaCTHHAa BBI- 
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: 

3bIBaeT Y KPbIC HeMeJWIeHHOe HapyllieHve CBePTH{BaHHA KPOBU, JIAleeca B 
TeueHHe 60 MHH. MH Oovlee. B cBa3H C STHM KPOBb yY XKHBOTHBIX Opasach AA 
| aHamu3a Ha (uOpHHOHTHYeCKyIO aKTHBHOcTb uepes 1—1,5 uaca nocme HHDb- 
eKIMH TpoMOoNacTHHa, KOra BOCCTaHaB/IMBa/lacb ee CMOCOGHOCTb CBepTEI- 
BaTbCA. 


Ta6Oauna 1 


Bpema momHoro @uOpHHonusuca crycTKa KPOBH 2KMBOTHLIX, MOY4HBUIMX BHYTpHBeNHOoe 
BJIHBaHHe TpOMOoMacTHHa (CpeqHHe WaHHble) 


Bpema s3aBepuie- 
Uucao 3 A Jlo3sa unben. HHA uOpuHouH- 
2KHBOTHBIX P pte Ha, | mpenapata, Ma 3uCa cryctTkKa, 


- ceK. 


Ipynma 2x uBOTHEIX 


Kppicb!, mozyunBuiue BuHK- 

BaHHe TpomOonuacTHHa | 

B Vv. jugularis 33 19—20 1,0 289 
KoHTpombHbIe %KHBOTHEIC 

(HHbeKUMA Pu3sHOM. 

pacts.) 40 0 1,0 >14400 


Kak BHHO 43 TaO. 1, yepes 1—1,5 uaca mocme BHYTPHBeEHHOM HHbeEKUMH 
TPOMOOMNAacTHHa KPOBb MOAOMBITHBIX XKMBOTHBIX, B OTJIMUME OT KOHTPOJIbHbIX, 
OOlaaeT HCKJIOUNTeIbHO BbICOKOH (HOPHHOJIHTHYeCKOM aKTHBHOCTbIO: cryc- 
TOK B CpeJ{HeM JIM3HpyeTcaA B Npefeax S MHH., B TO BpeMA KaK B KOHTPOMe, 
IIpH HaOJOJeHHH B TeyeHHe 4 Yac., CryCTOK NOUTH MOJIHOCTbIO cOxpaHsavica. Bos- 
MOXKHO, 4TO B JaHHOM 3KCMepHMeHTe CKOpOocTb *uOpuHOMM3HCa HaxOLMsacb 
B 3aBMCHMOCTH He TOJIbKO OT KOHUeHTPallHH CvOPpHHOHTHYeCKHX BeLIeCTB, 
HO HM OT HefocTaTOUHOH MIOTHOCTH caMoro crycTKa, OOycJIOBeHHOH epulu- 
TOM @uOpHHOreHa B NOJOMBITHOH KPOBH. 


TaOauna 2 


@yOpHHOMMTMYeCKaA AKTHBHOCTb KPOBH KPpbIC, NOJYYHBIIMX BHYTPHBeHHbI€ HHbeKILMH 
TpoMOonsacTHHa HIM TpoMOuHa (cpeqHHe aHHble) 


Jlosa Tpom6uHa 


Uucao HAH Bpema uuKy6a- | OuOpunomuTute- 
O6pasel, KpoBu OMbITOB TpomOonviacTuna, UHH KPOBH CO | CKaa aKTHBHOCTS, 
Mut crycTKOM, 4ac % 
Hopmambyaa KpOBb i) 0 1,5—2 ile, 
HopMaybHaad KpOBb + 
-++-KPpOBb OT KpbIc, MOury- 
YHBIIHX HHAaKTHBHPOBaH- 
HbIfi (por peTbii) TpoMOuH 10 1,4 1,5—2 20,9 
HopmambHaa KpoBb + 
+ neuOpuHHpoBaHHan 
HOPMaJIbHasl KPOBb 12 0 4,5—2 20,4 
HopMajmbyad KpOBb + 


--KPOBb OT 2KHBOTHBIX, 


NOWYYUBUIAX Tpomoo- 
ome e 9 170 4,5—2 78,0 


‘Hopmasbuaa KpoBb + 
-+-KPOBb OT 2KHBOTHEIX, 
MOY 4HBIUMX TPOMOHH 14 1,4 4,5—2 owe 


Ilpumeuannue. AxkrupnocTh TpomOonacTuHa 49—20 ceKk., AaKTHBHOCTb TpOMOHHAa 
5,0—5,5 cek. 


Jina yrouHesus 9Toro Bompoca ObWIH MpOBeeHb! SKCMePHMCHTHI, PesyJIb- 
TaTb! KOTOPbIX NpHBeseHbI B TaON. 2. M3 STHX JaHHbIX BUAHO, TO AobaBienve 
K HOpPMaJIbHOH KpOBM OMpeeseHHOro oObeMa ledHOpHHHPOBaHHOH KPOBM OT 
KOHTPOJIbHBIX 2KHBOTHDIX He OKa3bIBacT KaKOro-JIM60 BJIMAHHA Ha CKOPOCTb 
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duOpuHomusuca. B To xe BpeMA MOOaBJIeHHe K HOPMaJIbHOH KPOBH COOTBET: 
cTBYIOWero OOb€Ma KPOBH OT XKHBOTHBIX, MOJIYYMBUIMX BHYTPHBeHHO TpOMOO: 
WlaCTHH IH TPOMOHH, MpHBOAMT K pe3KOMY MOBbILIeHHIO dHOpHHOJHTH: 
yeCKOli AKTHBHOCTH 3a nNepvHoy HaGOsioyeHua, paBHEt 1,5—2 yac. YMenbule 
HHe KOHIUeHTpalluu (buOpHHOreHa B KPOBH 2XKHBOTHBIX MOCJIe BHYTPHBeCHHOF 
HHbCKUMH TpOMOWHa, MO-BHAMMOMY, OOyCJIOBIeHO aKTHBalluelt (uOpHHoOmH: 
THYeCKOH CHCTeMbI KPOBH. 

Pa moculelyIOuluX SKCMepHMeHTOB Obi NMpeANPHHAT C WeIbIO BbIACHeHHS 
3allHTHOrO jlelicTBHA TenapHHa pH BHYTPHBeHHbIX HHBeKIMAX TPOMOHHA. 
PesybTaTbt STUX OMNbITOB MpefcTaBseHbI B TaO. 3. Kppicam BBOAMJICA pac: 
TBOP TPpOMOHHA B O3e, KOTOPaA BbISbIBaIa FHOeb HOPMAJIbHbIX ?KMBOTHBIX 
B mpegenax 10%. Ta xe 03a TpoMOuHa BbIsEIBasa rHOeIb B 80—85% cay4a: 
eB, OyyUH BBeLeHHad KpbICaM, HaXOQAWHMCA MOL rlyOOKHM SPUPHbIM HapKO- 
30M. 


TaoOnuna om 


3auluTHoe jyelicrBHe renapHHa Mp BHYTPHBeHHOM BBeJeHHH pacTBOpa TpOMOHHA 2KHBOTHEIM, 
HaXOJAUMMCA NOX rayOoKuM 9PHpHbIM HapKO30M 


K Bec 2u- | Konuu. rema- | ee Uucsio Bate ie Bovk uBa- 
MBOTHBIC BOTHOrO, r | puHa, equH. |TP Mat PRUBOTHBIX |e Ornuix |CMOCTE» of, 
Tlonyuupuiue TpomOuH non} 145 — (e390 31 6 19,4 , 
HapKO30M 
Tlonyuupuine renapuu-+] 145 62,5—180 4-35 32 32 100 
-+Tpom6uH nog HapKo3om| 145 DES AO 8 4 ~o90 | 
145 15 1,39 §) 6 ~66 
145 20 1,35 14 12 ~86 


IIpuHmeuanue. AxtTusHocTb TpoMOuHa 5—6 cex. 
| 

Kak BHAHO 3 TaOJ. 3, IpelBapuTebHOe BHYTPHBeHHOe BBeAeHHe AOCTaTOUHON 
AO3bI TeMapHHa MOJIHOCTbIO 3all[MUlalO NOMONBITHBIX %KHBOTHBIX, HaXOJAULUXx- 
cA OJ rulyOOKHM S*PHpHbIM HapKO30M, OT TPpOMOO30B HM THOeNH, BbISbIBACMbIX 
HHbeKWHeH B WHPKYJIMPyIOWlylo KPOBb TpOMOMHa. CHwxKeHHe O3bl remapHHa 
c 60 go 20 efHHHI, NpUBOAMJIO K YaCTHYHOH yrTpaTe 3alllMTHOTO JelicTBUA. 

PesyJIbTaTbl MPOBeJEHHbIX ONbITOB CBUeTebCTBYIOT O TOM, Y4TO NOABJIE- 
HHe B IMpKyJIMpylouleli KPpOBH TPOMOHHA, BbISBaHHOe HHbeKIMel TpOMOo- 
wlacCTHHa WIM HemocpeACTBeHHO CaMOro TPOMOHHAa, MPMBOAMT K Ppe3KOH aKTH- 
BallMH (MOPHHOHTHYeCKOH CHCTeMbl. SOTO ABJeHHe, MO-BHAUMOMy, OOYyCJIOB- 
JIGHO BbieJIeHHeM B KPOBb aKTHBaTOPa MJla3MHHOreHa, MpeBpaliiatoulero Mo- 
CleqHHH B MWIa3MHH (PuOpHHOM3HH). OTa peakIHA HMeeT 3aUlMTHBIN XapakTep: 
Mla3MHH BOseHcTByeT Ha (HOPpHHOreH H TaKMM MYTeM BbIKIOUaeT ero H3 
mpolecca cBepTbIBaHHs. 

TlonyyeHHble aHHble CBUJeTeIbCTBYIOT Tak?Ke O TOM, 4TO JocTaTOuHaA 03a 
TemapHHa MOKeT MOMHOCTbIO MpeOXpaHATb OPpraHH3M XKMBOTHBIX, C BbIKJIIO- 
YeEHHOH HapKO30M (PUuSHOMOrHYeCKOM AHTHCBepTHIBalOllel CHCTeMOH, OT TPOMGO- 
oOpasopaHHsA HM rHOeM B CyYae BBeeHHA B KPOBAHOe PyCO 3Ha4dHTe/IbHON 
O3bt TPOMOnHa. 


Mockoscekui rocyapcTBeHHBlit Ilocrynuso 
yHupepcuter um. M. B. Jlomonocosa 16 VII 1959 


UMTHPOBAHHAS JIMTEPATYPA 


1B. A. Kyapawos, Il. 0. Yautuna, JAH, 120, 677 (1958). 2 B. A. Ky@r 
pamos, Il. 7. Yauutuana, Nature, 182) 397 (1958). Was) eee 
A.J. Johnson, W R. McCarty, J. Clin. Invest., 34, 169 (1955). 
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Tornagn Akanemun HayK CCCP 
1960. Tom 130, N: 6 


PHSHOJOTHA 


T. H. NPHBOJIBHEB, H. B. KOPOJIEBA u JI. A. LUTEPMAH 


OTHOLWEHHE MOJIOM JIOCOCH (SALMO SALAR) 
K COJIEHOCTH BOJIbI 


(ITpedcmaezexo akademuxom E, H. Taeaoecxum 5 II 1959) 


HisyyeHve OTHOWeHHA MOJOQH JOCOCA K COJeHOCTH BOMbI NpescTaBuAeT 

TeOpeTHYeCKHH UW MpakTHyeCKHH pLlOOxosalicTBeHHbI HHTepec. C TeoperuyecKoli 
‘CTOPOHb! [JIA NOHHMA@HHA SBOJIOWMH OCMOPeryJIAWHH Y PaSHbIX KABOTHEIX BaxKHO 
3HaTb H3MeHeHHe STOH (byHKUMH B 3aBMCHMOCTH OT BOSspacTa OpraHH3Ma. 
_ B mpakruyecKOM OTHOWeHHH NOJIYYeHHbIe MaTepHaJibI 10 pa3Oupaemomy 
BONMpOCcy MOryT CTaTb Hay4YHOH OCHOBOH Np BbIpallMBaHHH MOJIOLM s0COCA 
€ Webio pplOopasBezenua. Mowogb sococa mocwie Bbrxoja u3 uKpbt or 2 Jo 5 
JleT 2%KHBET B MpecHoH Bose pek (1). SaTeMm MpOHCXOMHT CKaT ee B MOpe, Mle covie- 
HOCTb BOJbI HHOra MocTuraeT HO 35°/,,. B Mope mpoucxoguT OnicTpbIH pocr 
pblObl HW MOAOTOBKa ee K PaSMHOXKeHHIO, KOTOPOe MPOHCXOLUT B OBICTPEIX MOpo- 
YKHCTHIX PeKax. 

IIpu BbIpaliMBaHHH MOJO JIOCOCA Ha PbIOOBOAHIX 3aBOJax MpelcTraBsAer 
O60IbIIOH HHTepec onpeyesieHHe TOTOBHOCTH ee K TepexOJy u3 MpecHOH BOI 
K XKW3HH B MOpCKOli Bole C BbICOKOH coueHOcTbIO. OT BpeMeHH HacTYIJIeHUA 
POTOBHOCTH K CKaTbIBaHHIO B MOpe, WIM, KaK HHOMla FOBOPAT, OT HacTyMJIeHHA 
MOKaTHOTO COCTOAHHA, JOJRKHb! 3aBHCeTb JVIMTeJIbHOCTb BbIPallMBaHHA MOOD 
B HCKYCCTBeHHbIX YCJIOBHAX HM MeCTa BBbIlTycKa ee B BOROeMpI. Movoyb s0- 
coca, JOCTHTINy!IO NOKaTHOrO COCTOAHHA, WeslecooOpasHO BBIIlyCKaTb B MOp- 
cKHe lIpeycTbeBble MpocTpaHcTBa, Te HMeeTCH SHAYMTebHO OOWbIe KOPMOB 
H MeHbIlle XHUHHKOB, YHHUTOKAIOUIX ee. 

Ojuott v3 3afau HacTOAUel paOoThl HU ABJIAeTCA NOMbITKa NOMOHTH K Onpe- 
TeJleHHIO HaCTYMJIeCHHA NOKAaTHOrO COCTOAHHA y MOON JWOCcOcA c musnouorH- 
YeCKOH CTOPOHBI, CO CTOPOHEI POPMHpOBaHHA OCMOperyJAWMH. 

Pa6ora Mmposogusiach B ABYX HallpaBsIeHHAX: BO-NePBbIX, BbIACHAACb 
JWIMTCIbHOCTb BbUKMBaHHA MOJIOAH JIOCOCA B BOJe Pa3JIMYHOM COJeHOCTH, H, 
BO-BTOPHIX, OMpeJeAOCb KOJHUECTBO COJleH B Nla3Me KPOBH NpH pasJIM4YHOH 
COJIEHOCTH cpedbl. OMbITb! MPOBOAWIHCb C MOJOAbIO WOCOCA AByX BO3pacToB: 
4 4 14 mec., CUHMTad C MOMeHTAa BbIYMIeHHA H3 UKpbI. Bec 4-MecauHOH MOJOZH 
KomeOauica or 210 56 mp AuuHe Tena 55—80 mm; Bec 14-MecauHOl MepesHMOBaB- 
Mei Monoqu Kome6aca or 4 M0 7 r np AtHHe 75—90 mm. Mosoyb sm0coca 
KOPMHJIM OJIMTOXeTaMH, BbIpalleHHbIMH Ha PbIOOBOJHOM 3aBO/e. 

Bo BpeMA OMbITOB MOJOZb BbI,epxKHBalacb B CTCKJIAHHbIX aKBapWyMax 
eMKOcCTbIO OKONO 25 3; HeoOxOAuMOe cOsepxKaHHe KucOpOfa B BOJe (OKO 
7 mr/n) nogqep2KuBasOcb NyTeM MpOAyBaHHA Yepes BOY PaclIbivIeHHOrO BosLyxa, 
NojjaBaeMoro KoMMpeccopoM. TemMmepatypa BOAbI B akBapHyMaX kOJeOamacb 
oxo0 14—16°. : 

Pa3MuHad COJIeHOCTh CO3aBallaCb 9KBUJIMOPHPOBaHHbIM PaCcTBOPOM couleH, 
HO cocTaBy 6u3KHM K PUSHOJIOrHYeCKOMy PHHTepOBCKOMYy PacTBOpy, a HMcH- 
HO, Aa pacrsopa B 1°/,, Opasiocb Hal 1 Bost: NaCl 0,93 r, KCl 0,01 r, CaCly 
0,03 r, NaHCO, 0,02 r. ua nomyyeHua Oouee BbICOKHX KOHUeCHTpalul KOVIM- 
YeCTBO CO/lelH B PpaCTBOPe COOTBETCTBCHHO YBeJIMYUBAJIOCD. 

Vismenenue KOmuueCTBa COJIeH B Ma3Me KPOBH OMIpeeJAJIOCb KPHOCKOINH- 
YeCKHM MeTOIOM, m0 Temmepatype saMep3aHus ( A®°) ma3MbI KPOBH pH MOMOLLH 
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MOJIyMpOBOZHUKOBOrO MuKpoTepMometpa. IleHa JemeHHA WkaJIbl MHKpOTep 
MOMeTpa paBHsetca 0,025°; NOJOBHHY DeteHHA MOXHO OTMcYaTb Ha Tla3 
TakuM 06pa30M, HCMOIb3yeMbIH MHKPOTepMOMeTP JlaeT NOKa3aHHA C TOUHOCTHK 
no 0,012°. IIpu nmpopepke TOUHOCTH MHKPOTepMOMeTpa OOHAapy2KeHO, YTO er 
MOKa3aHHA pacXxOJATCA Cc TeOpeTH¥eCKH MNOACUMTAHHbIMA TeMMepaTypaMu He 
0,004—0,025°. J[pyrumMu cOBaMH HCMbITaHHA NOKasaIH BONHeE YAOBJIeETBO 
PpHTebHYy!O TOUHOCTh mpHOopa. | 

BbKHBACMOCTb MONOAM AOCOCA B BORE c pas aud 
HOH COMeCHOCTHODW. Jina OnpefemeHuaA ycTOHYNBOCTH K pa3sHOH cOmeHO 
CTH MOJIOb JIOCOCA MIPAMO H3 MpecHOH peYHOH BOE MepecakuBpallacb B BOL) 
c coneHocthio 5; 7; 10; 15; 20; 22 Hw 25%/p . ) 

Botlepaxupanue MOJIOQH JIOCOCA B COJIEBLIX pacTBOpaX Pa3HbIX KOHILeHTpa: 
WH moKa3al0, uTO 4-MecHUHbIe PbIOKH MepeHOCAT MAKCHMAJIbHY!O COJICHOCTE 
B 15°/,), Pe OHH BbHKMBaIOT Ooubue 15 cyroK. B Tako CO/eHOCTH CeroJieTKy 
ococa He OOHAPyXHBalOT KaKUX-JIHOO 3aMeTHEIX OTJIHYHH B MOBeeHHH OF 
KOHTPOJIbHBIX. OHH OObIdHO, TaK %Ke KaK H KOHTPOVJIbHble, AepxKatTca y WHE 
akBapHyMa B HaHOOslee 3aTeHCHHBIX MeCTaX, MHTaIOTCA MH OWCHb AKTHBHO H3: 
Oeralor cauka Mp MOMbITKe HX BbIJIOBHTD. 

ComeHoctb B 20°/), yrHeTaeT 4-MeCHUHYIO MOJIO{b,— OHA CTAaHOBHTCA mene 
MNOJBHXKHOH, KOPM He OepeT HW peAKO BbiMKHBaeT B TaKOH COJeHOCTH OOVIbLUK 
CYTOK; OOBIMHO OOJIbUIMHCTBO pbiOoK MorHOaloT B TeYeHHe MepBEIX CYTOK BELGE) 
2KHBaHHA. 

Ilepesumopapiaa MOJIOJ{b B BO3pacte 14 mec. Ooulee ycToHuuBa K yelicrBuK 
MIOBBIIMeHHOH comeHocTH. Bombe 15 cyTOK OHa BbIKMBaeT B BOE C COeHO 
cTbIO B 22°/,,, H TOMbKO COMeHOCTh B 25°/), HauHHaeT yrHeTaTb 14-Meca4uHYyK 
MOOAb. B TakOH COJeHOCTH MOJOb MaJIO NOABYXKHAa, MHLW He OepeT HW OOBITHC 
morvOaeT B TeYeHHe NepBEIX ABYX CYTOK BbiepxKuBaHHA. Ecau Ke MOJO 
JIOCOCA, HAXOAMBLUIyIOCa B COMeHOcTH 20—22°/,, B TeveHue 10—15 cyTok, nepe' 
HeCTH B OoJlee BLICOKYIO COJIeHOCTb (B 25°/y9), TO MOMOZb BbIHOCHT Takyt0 CO! 
JIGHOCTbh B TeYeHHe WIHTebHOTO BPeMeHH, B TO BpeMA Kak MpH MepeHoce 
TaKOH Ke MOJIOQM B YKa3aHHY!0 COJICHOCTb HelOcpeCTBeHHO 43 pecHOH BOs 
Bce pbIOKH norMOaM B TedeHve 48 ac. 

CoeHocTb Bplllie 25°/,, 14-MecauHaa MOJIO{b JIOCOcA He BbIHOCHT M MIpt 
MpeABapHTeJIbHOM BbIepxKABaHUH ee B OONee HH3KHX COIeHOCTAX (20—22°/,,): 
STO yKa3biBaeT Ha TO, YTO CHOCOOHOCTh K aflallTallMH MOJIOQM J10COCA K TOBBL 
Ie€HHOH COJIeEHOCTH B STOM BOS3pacTe elle OKOHYAaTeIbHO He yCTaHOBHJacb 
Bspocuble JIOCOcH XOPOUIO BbIXKHBAaIOT B MpecHOH BOJe HM B BOJe C COMCHOCTHK 
OKOIO 35/5). 

Tlo suTepaTypHBIM JaHHBIM (*) MoOLb Jococa B BOspacte | rofxa BEnKUBae’ 
B cOJeHOcTH OKONO 16°/,, Hu morHOaeT B BOJe C cONeHOCTHIO B 24°/,,; Gomer 
Apoouon Aubepenwualun cowenoctu Tlappu He nmpuMenau. 

Ta6auna 1 


1 
Tora al alles 7%. | 10% | 15% | 20% | 22% | 25949 
A® cpenpt —0,020 | —0,315 |—0,414/—0, 630|/—0 ,945)—1 , 260/14 ‘3861 sol 
A° Kposu 
4-mec. pbl6KH —0, 582 — —0,550|—0 ,565)—0,725} — —= — 
14-mec. pbiOKu —0,685 | —0,675 |—0,650|—0,625]/—0,650|—0 , 650|—0 ,775|—-4 , 101 


WsmMenenne A° naxasMbBKPOBH MOJZOLM TOCOCS mp! 
pas MHUYHEX COMeHOCTAX CpeAu. Bsarue Kpopu qua onpese 
JICHHA Ma3MbI MPOHSBORMOCb B KOHUe BbIepKUBAaHHA, T.e. mocne 15 — 20 
AHEBHOrO ipeObiBaHHA MOJIOAM B COeHOCTAX, KOTOPbIe OHA XOPOLIO nepeHOcUT 
M ciycTa 20—30 uac. nocie npeObiBaHHA B MpeAeIbHBIX COJIeEHOCTAX, B KOTOPBI: 
MOJIOAb nornOala B TeyeHHe 1—2 cyTOK. 

M3 ta61. 1 BugHo, uTo c Bospacrom A®° ma3Mbi KpoBu moBpiaetca. Ecat 
y MOuIO{M JOcoca B BOs3pacte 4 Mec. H3 peuHOH BosEt A° na3MbI KpOBN paBHi 
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yi 
—0,582, To MIpH TaKHX Ke YCJIOBHAX y MO/OZH B BO3pacte 14 mec. A° mia3MBI 
KPOBH cocTaBuineT — 0,685. 

Mo.iofb B BOspacte 4 Mec. COXpaHseT MOCTOAHHOe OCMOTHYeCKOe JaBeHne 
KPOBH MIpH comeHocTH cpedpr 0 10°/,, BKuIOUHTeIbHO. IIpu comenocrn cpedni 
15°/jo OCMOTHYeCKOe aBJIeHHe KPOBH MOBpIllaeTca; IPH 9TOL COeHOCTH Me- 
XaHH3MbI OCMOperyJIALMH He CNOCOOHHI elle yLep2xKaTb OCMOTHYeCKOe JaBsIeHHe 
KpOBH Ha lpexKHeM ypOBHe, HO OHM MOryT OGeCMeuHTb BbOKHBaHHe MOJIOJIM 
B YCJIOBHAX FHNePpTOHHYeCKOH MO OTHOWeHHIO K KpoBH cpept: A° cpezbr — 
0,945, a A®° naa3mpI Kposu — 0,725. 

Y Monoju sococa B Bospacte 14 Mec. nocTOsHCTBO OCMOTHYeCKOrO JaBleHHA 
KpOBH COXpaHa#eTcA MpH Oovulee BbICOKOH COMeHOCTH, a HMCHHO 0 20°/oo. 
Ilpu comenocrn cpefnl B 22°/,, ocMOTHYeCKOe aBJIeHHe KPOBH H€CKOJIbKO MOBI 
WaeTCA, HO 9TO NOBbIMWeHHe He NPHBOAUT K rHOeH. TOmbKO COeHOCT B 25°/o9 
MH BIE ONMPOKHAbIBaeT CONPOTHBJIeHHe OCMOPeryJIATOPHbIX MeX@HH3MOB, H 
MOJIOMb NorMOaeT OT UpeSMePHOTO HaKONeHHA COIeH B KPOBH. 

Jleibra mWia3Mbt KpOBH B3pocoro mococa B Mope — 0,762°, B ycrbe pek 
pH MurpalMH Ha Hepecr — 0,737° wu Ha MecTax Hepecta — 0,668° (?). 
V3 ta6a1. 1 BHAHO, UTO MO Mepe pocTa MOJIOAM XapakTep OcMOpery.IAIlHH ee T0- 
CTeNeHHO IIpHOMxKaeTCA K OCMOPeryJIAWHH B3pOcbIxX Ocobel. 

Ha OcHOBaHHH MaTepHaJiOB, MOJYyYeHHEIX pH Bbi,epxKuBaHHH MOJIOLH 
NococAa B BOJe C Pa3/IMYHOH COMeHOCTbIO H MPH H3yYYeHHH H3MeHeEHHA JeJIbTbI 
UJla3Mbi KPOBH TO BJIMAHHeEM COJIEHOCTH Cpe, MOXHO CJleaTb HeKOTOpbIe 
BHIBOJbI, MpecTaBJiAIollve MHTepec H WIA WpakTHKH. 

1. C yBemM4eHHeM BO3pacTa CONPOTHBJIAeCMOCTb MOJIONH OCcOCA K JelicTButo 


NMOBbILICHHOH COJIeEHOCTH BO3SpacTaeT. 


2. IlepesumMopaBillaa Mos0Zb sococa B BOspacre 14 Mec. mOce BbIxXOJa U3 
UKPbI CMOcoOHa MepeHOCHTb covleHOcTb cpefbt B 20°/,,, a MpH NocTeneHHOM 
NOBLIWeHHH COJIeHOCTH — H B 25°/),. Ha 93TOM OCHOBaHHH MOXKHO peKOMeH]O- 
BaTb BbINYCKaTb MOJIOJb JIOCOCA B BOSpactTe OKOWIO 14 Mec. (BecoM He Meuee 6 r) 
C pb{OOBOJHEIX 3aBOJOB He B peKH, a B MpefycTbeBble yYacTKH MOpA. 

B mpelycTbesbix yuacTKaxX MOP C COseHOCTbIO He BbIie 20—25°/), MONOZb 
HaligeT Ooulee OarONpHATHbIe YCOBUA WIA abHeHWero pasBHTHA HW pocra — 
Ooubiiiee KOJMYeCTBO MHI H MeHbIe XHUJHbIX pbIO, HCTPeO/IAIOMWHX MOJIO[[b 
BO BpeMA mpeObfBaHHaA ee B peKe. 


{locrynuao 
29 I 1959 


LMTHPOBAHHAS] JIUTEPATYPA 
1J1.C. Bepr, Wsp. Bcecow3H. Hay¥HO-HCCeq. HHCT. O3€pH. HM pedH. PbIOH. X03. 
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Intern. Congr. of Zoology, Sect. VI, 1958, p. 17. 
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IMBPHOJOTHA 


O. B. WYMKUHA 


PA3BHTHE OKOHUYATEJIBHOM MOUKH KAPAKYJIbCKOM OBILbI 
(OVIS ARIES KARAKUL) 


(ITpedcmasaexo axademukom A. H. Bakyaneeom I VIII 1959) 


Muaekonuratouive O6slaaioT ABYMA MOCeOBaTeJIbHO PasBUBalOWMMUCH Op- 
raHaMH BbIesIeHHA — Me30- H MeTaHedpocoM, HJM MepBHYHOM HM OKOHWATeJIb- 
HOH noukamu. Tleppuynait nouka MpescTaBsineT cOOOM YHCTO 3apOfbIllleBbIl 
OpraH H (YHKILMOHUpyeT TOKO B TeYeHHe 3apOfbIlleBoro HU MpexNNOLHOTO 
TlepHOOB BHYTPHYTPOOHOTO pasBUTHA, 3aTeM OHa JereHepupyeT, H Ha CMeHY 
eH pa3BUBaeTCA OKOHUATeIbHad MouKa. 

PasBuTHe BbIJeHTebHOM CHCTeMbI MJICKOMMTAaIOULMX TeCHO CBA3aHO C Xa- 
pakTepom Muatentauuu ('°). IIpu mpumMaTHBHOM THe WWialeHTb! MpowcxXOquT 
Golee PaHHee Pa3BHTHE BbIJeMTebHOM CHCTeMbI H COOTBETCTBEHHO paHbille 
HayHHaeTca ee PYHKWMOHMpOBaHHe. B STOM clyyae NepBuYHadA MouKa WpeKkpa- 
WlaeT CBOIO J€ATEbHOCTb TOJIbKO Tora, Kora yxKe PyYHKIUMOHHpyeT OKOHYA- 
TejibHai WouKa. Y MJI€KOMMTAaIOULHX Cc Oosee COBePWIeCHHOH MaleHTOK Mex Ly 
MepHowqaMu dyHKWHH MepBH4YHOH HM OKOHYATeENbHOM oweK CYyIecTByeT pa3- 
PbIB, a Y HEKOTOPbIX BHJOB (MbIlllb, KpbiCa) NepBHYHaA NouKa BoooWe pylH- 
MeHTapHa. 

B cBa3H Cc TeM, 4TO JaHHble, UMerolHecs B IMTepatype (7°), Tpe6yloT BO MHO- 
rOM YTOWHEHHH, Oblio Obl HHTepeCHO YCTaHOBHTb TOUHOe BPeMeHHOe COOTHO- 
lweHHe PyHKUMOHAJIbHOH 3aBHCHMOCTH MexKy epBHYHOH M OKOHUATeJIbHOL 
MOUKaMH Y MpecTaBHTeseH pa3JIMYHbIX py MJIeKONHTAIOWLHX. 

Sajlaye HacTOAlero HcCeqOBaHHA ABHJIOCb H3y4eHHe PasBUTHA OKOH- 
YaTeJIbHOH MOUKH OBI, OOaalolleH MpHMUTHBHbIM CTpOeHHeM IalleHTHl. 

Pa3BuTHe NMepBHYHOH MOUKH OBI JOBOMbHO NOHO uccseqoBaHo (1,7,1°-12), 
CBeJeHHA 2%Ke O PasBHTHH e€€ OKOHUATeMbHOH MouKH OTpHIBOUHEI (°,°,2%,17 20), 

Bcero Opiuio uccieqoBaHo 57 SMOpMOHOB, NpeqnOZOB HW NAOZ0B, HayHHaA 
¢ 22 CyTOK pa3BHTHA HM KOH¥YAA HOBOPOXKJCHHBIMH ATHATaMH. Bospacr orcun- 
TbIBaJICH C MOME€HTA NOKPbITHA OBWEMATOK JO BpeMeHH HX 3a605. 

SaklayKa OKOHYATeIbHOH MOUKM OblJIa OOHapy2KeHa HaMM BMepBple y 3a- 
pombe Havana 22 cyToK (°,*%,1”). SakmambIBaeTCcA MOUKa B KPeCTIOBOK 06- 
JiacTH Ha ypoBHe 31-ro comutTa * B Bue AOpcabuoro BEIpocta Boubiosa mpo- 
TOKa. C MejHaJIbHOM CTOPOHbI K 3TOMY BBIPOCTY MOAXOAMT 3aqHHi KOHeIL He- 
cbporennoro Taxa. Y gapogbillled Havana 23 cyTOK MeTaHeporenHaa TKaHb 
oTfeseHa OT OOulero HeporeHHOTO Tax%Ka UH B BUe Walouku OfeBaer cuenou 
PaclIMPeHHbIH KOHeI CIIMHHOrO BEIpocTa. PaciiupeHHad YacTb BbIPOcTa — IIpo- 
BU3OpHad MoveyHad JIOXaHka — B JlaJIbHeHIeM PpasBUBaeTCA B ePUHUTUBHY!O 
NOXaHKy M COOupalollve KaHaJiblbl, Goee y3Kad HeT Ha MOcTpoenne moue- 
TOUHHKa. Pacnonaraetca NouKa KayaJIbHO OT Me3oHedpoca. Ha »sroli cranny 
MIpOUCXOAUT PasemeHHe MeTaHeporeHHOM TKaHH Ha Ba CJlIOA — BHYTpeHHuH 
H Hapykuplh. BuyTpennuit, Oosee MOTHDIM, COM BHOCMeACTBHM UeT Ha OOpa- 
30BaHHe MOUCYHbIX KaHaJIbILeB; HAPYXHbIH, Oosee PbIXJIbIH, pasBHBaeTCA B CO- 
eMHUTeCIbHYIO TKaHb TlouKku (1%), 


* CueT CoMHTOB BegeTCa c yueTOM 3 3aTbIOUHBIX. 
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¥Y sapogpiitieH nayana 26 cyToK cmeqyer oTMernTb peskoe yAJIMHeHHe 1 
| cy2kenHe MoveTOuHHKa. JlOXaHKa BbITAPMBaeTCA B KpaHHO-Kaya/IbHOM HallpaB- 

JiGHHH HM CIJOUMBaeTcA c OoKoB. MeraHedporeHHad TKaHb OfeBaeT BCIO J10- 
xauky. Ilouxu Temepb pacnonoxkenbl Ha ypoBHe 28—29-ro comuToB. Tlono6Hoe 
| CMeIIeHHe NOYeK B KPaHHaJIbHOM HallpaBeHHH MPOWCXOAUT 4 y Apyrux MseKo- 
nutarounx (23,1819), 

Y sapogpielt Havana 28 cyTOK MouKa cMelaeTca M0 OTHOUIeHHIO K COMH- 
TaM H MesOHetppocy TaKHM OOpasom, 4TO ee NepeqHHit KONE, eExKUT TeMepb op- 
CaJIbHO OT 3aj[Hero OTJeNa MezOHeEppoca, Ha ypoBHe 27—28-ro comuTos. 3aquuii 
KOHEI MOYKM 3aXOJUT 3a KayasibHbIi KOHe MesOHe*poca. JloxanKa Mpopou- 
*KaeT BbITATMBAaTbCA B KPaHHO-KayaJbHOM HallpaBleHuu. Y s3apoypiliia ce- 
pequHb! 28 CyTOK OKOHYaTe/JIbHad MO¥Ka paclonoOxKena Ha TOM 2Ke ypoBHe, TO 
HM Y 3apoypillila Hayaia 28 cyToK. Ha stot craquu BMepBble MOKHO OTMETHT 
BeTBJICHHe JOXaHKM (pc. 1). Ona aeT 4 BeTBH, KOHUbI KOTOPBIX pa3qBaHBa- 
MeTCA H NPM jlasIbHeHIWeM BeTBACHHN CTPOAT CORHYIO CucTemy COOupaloUlux 
KaHaJIbileB MOuKH. Bmecte c AOXaHKOli JemMTCA UM BHYTPeHHMM coli MeTaHe- 
@poreHHOM TKaHH (TakxKe Ha 4 uacTu). On ogeBaer «ilalmouKaMH» pa3BOeHHBIe 
KOHIbI BeTBell. Hapy2kupili coli He WeMTCA HM OOULMM YeXJIOM ojeBaeT BCIO 
nouxy. Y 3apoybila Hayala 29 cyTOoK JOxXaHKa MogeneHa Ha 4 BeTBH, KOTO- 
pble, B CBOIO O¥epenb, WalOT 0 2 HeOOJbUIMX PasBeTBJICHHA: COOTBETCTBEHHO 
STOMY H BHYTPeHHHH COM MeTaHedporeHHOH TKaHH NoeneH Ha 8 yactelt. 
CyJIbHO paspacTaeTCA COCHHHTCJIbHOTKAaHHBIM CoH mouKn. 

B navase 30 cyTOK Mouka pacnoularaetcA Ha ypopHe 2—5-ro NOACHHUHBIX 
TlO3BOHKOB (25—28-ro comuToB). JloxaHKa MpoyoumKaeT BeTBHTbCHA, RaBasa 16 Ber- 
BeH, HO J/e@JeHHA MeTaHedporeHHolt TKaHH Ha 16 4YacTelt elle He MpoOucxoOgUT. 
Y sapogpuua 30 cyToK MepeqHHH OTe NOYKH HayHHaeT O6O0COOATHCA M3 
OKpyKalouleH COCIMHHTebHOH TKaHH B MoOcTh Tela. BuyTpeHHu cuol 
MeTaHeporeHHOH TKaHH NoyesweH Ha 16 yacTel, COOTBETCTBeHHO YHCJIY BeTBeli 
noxaHkH. Bugua 3aKaqka I reHepallHH NMOYeUHBIX KaHaJIblleB, exKallluX BO 
BHYTPeHHeM Cyl0e MeTaHeporeHHOH TKaHH B BH MJIOTHBIX CKOMJIeCHHH KJIeTOK 
y HWKHHX CTeCHOK PpHOooOpasHbiIX Pa3BeTBJICHHH COOMPalOWHX KaHaJIbILeB. 
B HeKOTOpPBIX H3 HHX BUAHO HadasO OOpa30BaHHA NosocTeH (puc. 2). Bersute- 
Hue COOMPaIOWHX KaHaJIbIeB Y OBIbI MPOHCXOLHT NO THNY BeTBJeHHA MpocToH 
TOUKH MseKonuTaomHx (14). 

B nayane 34 cyToK NouKa pacioularaetca Ha ypoBHe 2—4-ro MOACHMUHbIX 
MO3BOHKOB. IIpu fasbHeHWIeM PpasBHTHH IPpOHCXOZHT HeEKOTOpOe cCMellleHHe HO- 
geK TO B KayJ{aJIbHOM, TO B KpaHHaJIbHOM HallpaBJIeHHAX, YTO CBA3AHO Kak C po- 
CTOM MOUKH, TaK H C pOcTOM OKpyxKaloulux ee TKaHeH (7%,**). [lepeqHue KOH! 
noveK BCe OObUle OOocobsI0TCA B MoocTH Teta. Ilouku mpHHHMatoT 6060- 
BuHy!o PopMy, Torga Kak Ha MpembIAyULAX CTaHAX PasBUuTHA OHM HME BUY 
HeCKOJIbKO CIIJIOCHYTHIX OBAJIbHbIX Ted. JLMHa MpOJOJbHOH OCH COXpaHAeTCA 
npexnel. Ha omucpiBaeMol cTayMu uMeloTcA yxKe 32 BeTBM JIOXaHKH. OKOosO 
KaxkJOH BeTBH BHJeH yYaCTOK BHYTpeHHerO CJIOA MeTaHecbporeHHOH TKaHH, 
B KOTOPOM IIOMEIIeHLI 3aksiaqKH WouedHbIX KaHasbieB I u II renepatun, Ha- 
XOMAULMXCA Ha CTalMH pa3sBUTHA Ny3sbIpbKoB. Bcero @opmupyerca 32 NoweqHbIx 
KaHaJblla, 3aKlaKa KOTOpbIX MpOHCXOHT NocTeneHHO B TeyeHHe 30—33 cy- 
TOK pasBuTHaA. Y 3aposplllia 34 cyTOK Bce 32 MOveyHbIX KaHaJIblla yVIMHAIOTCA, 
UX JIMCTAaIbHbIe KOHIbI OTKPbIBaIOTCA B COOMpalolllHe KaHaJIbl{bl, a Ha MPOKCH- 
MaJIbHBIX KOHIaX BHJHbI pa3BuBatoulveca Kalicysbt Ulymasuckoro — Boy- 
MeHa H COCYAUCTHIe KIYOOUKH. SaksMaNKU COCYAMCTEIX KJYOOUKOB MpecTaBJeHb! 
TJIOTHBIMH CKOINJICHHAMH KJI€TOK. : 

K cepequne 36 cyTOK AuMHa KaHaJblles Iu IJ renepalui yBesMuMBaeTca, 
a TakxKe yculOxwKHAeTCA HX cTpoenve. Ha sTOM cTaqMM NOABAAIOTCH 3akaqKu 
II] renepamuu moveyHbIX KaHaJIblleB, KOTOpble MpeycTaBseHbl KJICTOUHbIMH 
wiapamu. B cepegqunHe SoOoBHAHOK MOUKH, HeCKOJbKO 6MxKe K BOrHYTOCTH, 
Je@KUT HeOO/IbUIad MpOBH30pHad JOXaHKa, B KOTOpyl0 OTKpbIBalOTCA 4 OCHOB- 
HBIX COOHPalOUIHX KaHaJibla, BETBALLAXCA elle TPH pasa MO Mepe npHoOmuxKe- 
Hua K Nepudbepun. Ha Konlle KaxKALIH COONPaloulu Kanavlel, HMeeT rpH6oo0bpa3- 
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HOe pacliMpeHHe HIM aMMyJy, B KOTOpylO C O{HOM CTOPOHb! Biaaer noweuyHbIA 
KaHase I uau I] renepattuu, a OKOJIO Apyrow WomelllaeTcaA 3akJlaiKa Moyeq- 
HOrO KaHavbila II] renepattuH. Takum OO0pa30M, MbI MOXKEM TOBOPHTb O BbIe- 
JIGHHH B WOUKe MO3rOBOrO HM KOPKOBOrO BellecTB. SOHa COOMpalOluX KaHaJIb~ 
eB MI€pBbIX MOPAAKOB, PacMO/IOwKeHHaA B WeHTPe, COOTBETCTBYeT MO3rOBOMY 
BellecTBY, a Jie@Kalllue K MepudepuuH oT Hee PopMupylollluecA MOwedHbIe Ka- 
HaJIblbl H TaK Ha3bIBaeMad MeTaHe*poreHHaA 30Ha, B KOTOPOH NpoucxoAAT 
JlalbHetiiiad 3aKJlaqKa HOBbIX reHepalHH MOVeYHbIX KaHaJIbIleB, COCTABJIAIOT 
KOPKOBOe BellleCTBO HOUKH. 

¥Y sapogpiia 38 cyTOK 3HaYHTeIbHbIe H3MCHEHHA BHHbI B MOYCUHBIX Ka- 
Hanbuax I u I] renepaunii — on yAMHAIOTCA M 3akpy4uBaloTca. CocyyucTHIe 
KJIyOOUKH HX BIMOHe CPOPMHPOBaHb!, B HX KallHJJIApaX MOXKHO yBUeTb Pop- 
MeHHBIe SJIeMeHTHI KpoBu. Ha 40 cyTKM NouKa MposomKaeT Jasbuie o6ocob- 
JIAThCH B MOJIOCTH Tesla; BMeCTe C STHM MpouCcXOAUT MopMMpoBaHHe ee Ce- 
posHo oG6omouKu. I—III renepauuu KaHasbueB OOJaqaloT COCYMCTbIMU KJly~ 
60uKaMH, B KOTOPHIX BHAHbI KPOBAHbIe 3eMeHTHI. B MeTaHeporeHHOH 30He 
NOUKH MpOucxoLNT 3aksayKa IV renepalluu NovewHbIX KaHasbueB. Ha 41 cyTKH 
B MOuUKe HayHHaeTca OOpasoBaHHe V reHepallHH MOveUHBIX KaHaJbileB. B Ka- 
Habuax I u I] renepalul, BiepBble Ha 9TOH cTaqHH, Obi OOHapyKeH CeKpeT, 
NOABJIGHHe KOTOPOrO TOBOpHT OO aKTHBHOH MyHKIHOHAJIbHOM JeATeJbHOCTH 
mouku (27), 

Y sapoypuuel 44—46 cyTok pa3BHTHA NOYKH BMECTE C CepO3HOH OGON0UKOM 
Ji@KaT B MosocTH Testa (*). B moukax umMeetca 6—7 reHepalluli MOWeUHBIX Kaz 
HaJIbILeB. 

Ha 48—49 cyTKu B WeHTpasbHOH wacTH MOUKH MpsAMble coOupatouiMe Ka- 
HaJiblbl HAYHHAIOT OObeMHATLCA B TyakH. K 9TOMy BPeMeHH OTHOCHTCA Ha- 
yao POPMHpOBaHHA MetTewb Lense, KOTOpble HAYHHAIOT MPOHHKAaTb B MO3TOBOe: 
pellecTBO. Tellepb MbI OyJeM Ha3blBaTb NOYCUHbIC KaHaJblibl Hedpouamu. B Te- 
yeHve cuJleqyiomux 10—I11 cyToK mpogomKaetca coeqHHeHHe cOoOupalolux 
KaHaJIblleB B IyYKH WH MpOHCXOAHT yBeJIHYeHHe JIOXAHKH; STOT Mporecc No- 
CTeNe€HHO MIpHBOZUT K MOCTpOeHMIO JeUHATHBHOK MoweyHOH JIOXaHKH. 

Y 65-, 70-, 74- u 75-cyTOUHIX MVIOOB KOPKOBOe BelleCTBO B IIpoOMexKyTKaXxX 
M@KLy MyyKaMH cOOMpalOllMX KaHaJIblleB 3aXOQHT TstyOOKO B WeHTpaJIbHYy!O 
yacTb TlOuKH. B STHX OOJACTAX PacNOvlaraioTCA He*poOHb! MepBblX reHepalluu. 
B moukax MIOJOB pacCMaTpHBaeMbIX CTaqMH MpOWCXO_UT cOuIMKeHHe MydKOB 
coOupalouluX KaHaJIblleB, KOTOPble K KOHILy OepeMeHHOCTH OObeqHHAIOTCA 
B OOUlMH rpeOeHb, Kak 3TO HM€€T MECTO B MOUKAaX B3POCIOrO KMBOTHOTO. Cue- 
Hye? OTMeTHTb, TO Ha 70 HM 75 CYTKH B MepBbIX TeHepalluAX HetbpOHOB NOAB- 
JIAIOTCA J\ereHepaTHBHble H3MCHCHHA. OTH H3MeCHECHHA BbIpaKalOTCA B TOM, 
4TO KaHaJIbIlbl (parMeHTHPy!OTCA, MpoOcTpaHcTBa MexKy HAMM HayHHalOT 3a- 
MOJIHATbCA MJIOTHOH COCJMHHTeJIbHOH TKaHbIO. CocyyucTbie KyOOuKH HM TIpo- 
KCHMAJIbHBIC OTJeJbI KanaJIblleB COXPaHAIOT HOpMaJIbHOe crpoenue (24,5). 

ina 100, 105 u 108 cytox xapakTepHo ucuesHoBaHHe MeTanedporeHHoOw 
30HbI, a BMeCTe C STHM OTCYTCTBHE HOBbIX 3aKJIaqOK NOWeUHbIX KaHaJIblleB U 
KOHI€BLIX aMMyJI COOupalouluxX KaHasbues. Ha oTfebHbIX y4acTKaX TOBepx- 
HOCTHOTO CJIOH MOUKH MOXKHO OOHAPyXUTb TOJIbKO HEMOPasBUTHIe KaHaJIbILbI. 
Ileppbre reHepalluH HetppOHOB HaXOJATCA B Mporecce Jerenepauun. Crenmeub 
qerenepalluu He(ppOHOB yMeHblllaeTca OT WeHTpa K Nepudepuu. B noukax WiI0- 
Qos 120 cyToK OovIbllad YacTb MOBepXHOCTH NOYKH NOX Kalicyiol sanata ccbop- 
MHPOBaHHbIMH HecpoHamu (puc. 3 u 4). SoHbI DereHepallun HetppoHOB yMeHb- 
aloTCA, TaK Kak MepBble reHepalluH HepOHOB OKOHYATEIbHO Jerenepupylr. 
Muorya ocratKu cocy{MCTEIX KyOOUKOB MepBbIX reHepalluiit MOXKHO BCTPeTHTb 
OKONO COOupalolluxX KaHaJblleB MepBbIX NOpsAAKOB. Y ATHAT ABYXHEBHOTO BO3- 
pacTa Mocwie poxTeCHHA MOMKHO elle BCTPeTHTb OCTATKH 30H JlereHepalluu. 

3 comocraBuieHua NOvJlyYeHHEIX HaMM JaHHbIX c WMTepatypHbiMy (2,22) BbI- 
TeKaeT, 4TO PYHKUMOHAIbHaA JCATEMbHOCTh OKOHYATEbHOM MOUKH OBILbI Ha- 
UMHAaeTCA 3aOJIFO O NOMHOM Terenepallud MepBHYHOM NMOYKM, KOTOpaA OTHO- 
CHTCH K Havasly MOQHOrO NepHoya, K 54 cyTKamM pasBuTua (1). B To Bpema, 
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Puce. |. Ilonepeunsiit Puc. 2. Konesai ammyaa coOupatomero Ka- 
paspes 4uepe3 mouKy 3a- HaJIblla B Mouke mpesnuogza 30 cyToK. /— Kon- 
poOAbllla Bospacta cepe- wepad ammysa, 2— mMetanedpporeHHaa TKaHb, 
WuHbI 28 cyToK. J — 3 — 3aKNaliKa moueunoro KaHabua, 4 — no- 
sBETBH MOUeUHOH JOXaH- JIOCTh B 3aKsaqKe moueunoro KaHaabua. 400 x 
sxu, 2 — metanedporen- 

Had TKaHb. 280 


Puce. 3. Metanedporenuaad 30- Puce, 4. Paspe3 uepes KopKo- 
Ha mouKH moa 74 cytoK. 1— Boe BellecTBo M1oza 120 cyToK. 
MeTaHedporeHHax 30Ha, 2 — 280 x 


3akulajKa HOBbIX ,KaHaJIblleB, 
3 — Konuepan ammysa. 280 x 


JTIAH, tT. 180, Ne 6, UlymKuna 


KOPla OKOHYAaTeJIbHaA NOYKa HayYHHaeT PYHKIUMOHMPOBATh, KayjaJIbHbIH OTAeM 
NepBHYHOH MOYKH HaXOJMTCA B COCTOAHMM MonHOH axTuBHOcTH. Hexoropoe 
BpeMA, IpHMepHo c 41 no 48—49 cyTKu, MpoucxoquT HX OHOBpeMeHHad (by Hk- 
WMA, YTO COrsacyeTcA c MpeqmonoxwKenvem Bpemepa (?°). 

HccneqopaHuad Mo pasBUTHIO MialenTs xBayHEIX (2,°,8,24) moKasauM, 4TO 


rei J 


HO XOMY pasBHTHA OepeMeHHOCTH IWalleHTapHad CBA3b CTAHOBUTCA Oovlee TeC- 
HOH. OTO MOsBONAeT ChesaTb MpeqMomomenne, YTO (tbyHKUHOHAIbHaA JeAaTesb- 
HOCTb OKOH¥ATEJIbHOM MOUKH BO BHYTPHYTPOOHOM pasBUTHU OBI (a TakxKe, 
BeEPOATHO, HM BC€X XKBaUHbIX) OCOOCHHO BaxKHOe 3HaYeHHe MpHooperaer B KOHIE 
MIpeAuOAHOro HW Hayae MiO,HOrO NepHogos (*) — B TO BpeMA, Kora elle He 


YCTaHOBHJacb Ooylee TeCHaH CBA3b B WWaweHTOMaxX M@K]TyY JFOYeCPHHM H MaTe- 
PHHCKHM OpraHH3MaMH. 


Mucrutyt Mophonoruu xusotuux um. A. H, Cesepuosa Tlocrynvio 
Akaylemuu HayK CCCP 18 VI 1959 
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I. MATEMATHKA 


. M. BatinOepr. O cxogqumoctu me- 
Toa HaHCkopeHutero ciycKa Jaa 
H@JIMHeCHHbIX ypaBHeHHH . . .. 

. C. Buyenckuk. OKcnepumMentaspupie 

OLCHKH MpOH3BOHOH TpHroHoMe- 

TpHUeCKOrO MOJIHHOMa Ha oOTpe3ke, 

MeHbIUeM “eM TepHor . 

. TI. JlomKerxo. O aucepenitupora- 

HHH KOMIIICKCHBIX (byHKul 

sopHH KouctanTunecky. Orunocu- 
TCJIbHO UeObILWeBCKHX MHOXKECTB 

. JI. Pogun. O co6cTBeHHpIxX dyHK- 
WHAX OHOTO eee ane i 


HeHHAH... . 

. A. Cacbouos. Tpynner c oHUM KulaccoM 
He JIOCTHXKMMBIX ue. Id 
OUI My TTge mc eeth e's A 


HW. B. YuraKoza. Teopema equucTBeH- 
HOCTH JIA (cyHKuuli, romomopd- 
HbIX Hi pupsrricinas B @1HHHYHOM 


EP Ses. - : aire 
¥O. H. Yepemubtx. Oo onnoti Teopeme 
KayeCTBeHHOH  TeOpHH uapaboi, 


WeCKHX ypaBHeHHH ... .... 
0. B. Wlanaesckuu. Hexoroppie 3ame- 
yaHHaA K YypaBHeHHIo HaOwIOeHHH 
C HeM3BeCCTHBIMH BeCaMH. ... . 
H. MW. Axuesep. O momuHoMax, opToro- 
HaJIbHBIX Ha lyre OKPyKHOCTH . 
M. WU. Buumk u Ji. A.  Jitocrepuux. 
BosmyujeHHe CoOcTBeHHBIX 3Haue- 
HMM WM COOCTBEHHEIX 9JIEMCHTOB WIA 
HEKOTOPbIX HECAMOCONP A2KCHHBIX OMe- 
DAROPOBPee wai aia geste. cit eae 
M. [. Kpettu. K Teopuu HHeMHbIXx 
H€CaMOCOMPs2KeHHEIX OlepaTOpoOB 
H.-H. Meiman. K Teopuu momMHOMoB, 
HaMMeHee YKJIOHAIOWUXCA OT HYJIA 
M. A. Hatimapx. O pa3i0xeHHH Ha He 
IIPHBOJMMbIe IpeACTaBJIeHHA TEH3OP- 
HOrO Mpow3speqeHHxA AByX IIped- 
CTaBAeHHi JONOMHUTeIbHOH CepHH 
co6cTBeHHOH rpynne JlopeHita 
M. Posen6naT-Por. HopmuposaHHax 
8-9HTpOMMA MHOXKeCTB Hu Mepefaya 
HHPOpMalMu HeIpepbIBHbIX HCTOU- 
HHKOB Yepe3s HeMpepbIBHbIe KaHavIbl 
CBASHig aah etal. oh errs Ups se 


15 TAH, rv. 130, Ne 6 


CHCTEMATHUECKHAU 


17 
24 


26 


29 


207 


261 


265 


LOKAA LBL 


ARATEMWUH HAYR CCCP 


Tom 130 


YKASATEJMb 


O. B. Capmanos u B. K. 3axapos. Max- 
CHMaJIbHbIe = KOS(:PPHIUMeHTbI MHO- 
XKECTBCHHOM kopperaun i 

Il. E. Co6ouesckun. O TIpuMeHeHHH 


poOubIx cTelmeHeli  Camocomps- 
XKCHHBIX OMepaTOpoB Kk ucciezo- 
BaHHIO HeKOTOPEIX  HeJIMHEMHBIX 
Huddep CHL Ha bHBIX ypaBHeHuli 
B THIbOepTOBOM MpocTpaHctBe . 


M. b. Kanuaesuy. OG onepatopax mpe- 
oO6pa30BaHHA, CBASAHHBIX C CHH- 
ryJsSpHbIMH 3agauamH Typca . . 

C. T. Kpetw. O6 ogfHoh uxTepnomauy- 
OHHOH Repene B TeOpHH onmepa- 
TOPOB 

A. Hi. Maabues. O cBo6ogHrx paspeu 
MBIX Tpymnax , 

B. HW. Mauaes. O cyulectBoBaHHH onepa- 
Topa mpeoOpasopaHHA A udp- 
(bepeHUWaJIbHbIX YyPaBHeHHH  BBIC- 
sano LOVMNMOA 5 o> ben 5 6 Bo 6 

H. H. Metman. O HaumMenee ykiO0HAIO0- 
IMHXCA OT HYyJIA MOMMHOMAX C JIO- 
ObIM UHCIOM 3aaHHbIX Roan H, 
IMeCHTOB . . , 

HO. I. Pemerusax. 06 OAHOM - yocTaTou- 

HOM IIPH3HaKe HeMpepbIBHOCTH OTO- 
Opamenua mo Tenpyepy . ... 

Il. C. Conran. O pa3mepHoctu mpoodpa- 
30B MpuH oTOOpaxeHHH KOMIMaKTOB 
ues o ae 5 4 oo 6 oo < 

Bb. C. Bponwteiu. O pemenuu ypas- 
HeHHH THNa PuMaHa B kKuacce ps- 
HOV) JOVOSES Goo Sul 8 5 ols 

A. M. Bunorpagos. O Bropom penlat- 
CTBHH JWIA CeKyIHX MOBepxXHOCTeH 

A. JI. Onnuyuk. Kommaexcupie 060- 
JOUKM KOMMAKTHBIX  OJHOPOJHBIX 
mpocTpaHcTB. . Hv aoieehions 

10. A. PosaHos. O6 HHTepnoaupoBaHun 
CTalMOHapHbIX  mpomeccop Cc Ju- 
CKpeTHbIM BpeMeHeEM . . ... 

B. M. Tuxomupos. O6 f-MepHbIxX M0- 
epeuHuKaX HeKOTOPEIX oye 
OHAJIbHBIX KIaCCOB . : 

A. Undanry, B. H. MacaeHHmKosa 1 
JI. MW. Kambtnun. O mpHmenumoctu 
mMetofqa @ypbe K pellleHH10 mepBOl 
KpaesoH 3aaud AIA kBasHJIMHeli- 
Horo MWapaOouwMyeckoro ypaBHeHHA 


269 


272 


499 


903 


507 


5410 


719 
723 


726 


730 


734 


738 


B. A. Typapuii. O6o6ujeHHe mpeoOpaso- 
paHua Dypbe u Teopemp! Bunepa— 


TI avoir So" 0g oN cece ee 
C. A. Tycman. Papyomepxoe allpoxkcu- 
MHPpOBaHHe HeMPepbIBHEIX  (byHK- 


Wuii Ha PHMaHOBbIX MOBepXHOCTAX 

A. A. Kupuanos. OO yHuTapHbIx mpez- 

CTaBIGHHAX HMJIbIIOTeHTHEIX as) 

JAS ete ; 

UW. Jhoouy. 06 yCHOBHAX equHcr- 

BCHHOCTH pellleHHa aOCTpakTHOIi 

saqaun Kou... 

M. B. Octposckuit. O pacnosoxKeHuH 
HyleH MpousBoqHOH weno dyHkK- 
IMM C HyJIAMM, OM3KHMH K Bellle- 
CTRCHHOMM OCH) a) unm ce in macmn 

5. HW. Maorkun. O6 oHOM paukamne 
rpynnmbt aBToMopdH3sMoB rpynnbi c 
yCJIOBHeEM MaKCHMaJIbHOCTH 


10. 


¥O. YT. Pemetuax. MutTerpupopaHne mo 
BbINYKJIOMy MHOrOrpaHHuky H_ He- 
KOTOPbI€ BOIMpPOCbl TeOpHu JIMHEli- 
HbIX H€paBeHCTB Seat Ay en he 
YW. B. Cumonenko. OrpannueHHocTb 


CHHTYJAPHbIX MHTerpasloB B Mpo- 
Cyoevcnisare Ojoueey Oo ee eG 
B. CowoHHukos. OO oleHKax TeH30poB 
[puya A saa cc KP a€BbIX 
gamau . . i clegagts 
C. B. Yenencknit. Teopema 0 BIOKeHHH 


Kaaccop C. JJ. Co6omnesa Wo 


ApoOuoro nopsyKa ; 

B. JI. ®avnumugt. O6 ofHom “Kaacce 
peryApHO MOHOTOHHBIX MOJIMHOMOB 

C. SA. Xasuncon. OO oHom' xsiacce 
SKCTPeMasIbHBIX 3afau IA nNowH- 
HOMOB . . , 

A. A. Jlesun. Cucremsi nepporo nopanKa, 
ompeeeHHble Ha eae MHOFO- 
oOpasuH .. . ; 

B. Tl. Esusapos. Komsuo yaCTHBIX or- 
HOCHTeJIbHO MpocToro ueasa 

B. Bb. Kyyzpsasues. Bompocst nomHoTs! 
CHCT€M aBTOMaTOB . . 

A. A. Meaenuos u 9. B. Mypaes. K Teo- 
PHuH CYMMHpOBaHUNA ABOWHbIX PATOB 
MeTtoqamu Bopessa 

10. lr. Pewetuax. O KOR(OPMHLIX oTo6pa- 

XKCHHAX MpoctpaHcTBa . .... 

A. Posanos. O cralMonapHbix mocue- 

MOBAaTeMISAOCTAX, OOPasylOuluX 6a3uc 

A. T. Curanos. O6 ycnosuax Kommakt- 
HOCTH CeMeHCTBa MOBepXHOCTel 
KOHeEYHOFO TOMOMOrMYeCKOrO Tua 

H. H. Ypaapyesa. O peryasapuHoctu pe- 


IUCHHH MHOFOMePHbIX 9HNTHUe- 
CKHX yPaBHeHHH HW BapHallHOHHBbIXx 
3afau . . chee 

b. B. Wa6ar. Mero Mony.nett B po- 
CcTpaHcTBe . . é 

B. H. FOnosny. Tlepuoguueckue “1BH- 
2KCHHA = BAB KOM HeCxKHMaemMoli 
SKMIIKO CTU Wea te tetas ace emer ote meee 


II]. MEXAHHKA 


7. i. Usses. K Teopuu useambuo 3a- 
TBEpHeBalOlluX cpeh . ..... 
B. Jl. Bougzapp. Hexotoppie Tounpie 
pelleHHA ypaBHeHHH COBMeCTHOCTH 
II KOMMOHEHT TeH30pa ectbopMma- 
UHH TIpH MpocToM Harpy2xKeHHH . 


II 


959 


963 


966 


969 


973 


977 


984 


984 


988 


992 
994 


997 


1183 
1186 
1189 


1193 
1196 
1199 


1203 


1206 
1210 


1214 


742 


1218 


B. JI. Kan u A. C. Keabson. O6 ycroi- 
UHBbIX HM HeyCTOMUHBbIX TPa€KTO- 
PHaAX MponopuMoHambHOH HaBH- 
Talla 22 Goh Ph ige e etee eae 

Baayucaap Apomunek. OO 9kBuBaJeHT- 
HOCTH KpHTepHaA yCTOHUMBOCTH M10 
Paycy —Typpuuy u no Mapxosy 


II]. APPOQZHHAMHKA 


O. C. Parnkos u IF. M. Wedrep. [Ipu6an- 
XKCHHOe MocTpoeHHe OAHOrO Kacca 
HeCTallMOHapHbIX  § OKOJIOS3BYKOBbIX 
TCUCHHH <4) 00.) @y Cac ee 


IV. THHPOMEXAHHKA 


A. M. Koraap. O6 annpoxcumaluu 
ypaBHeHHli Pelinombpaca .... . 

B. H. )Kuryaes. O sapneHHuu 32%KeKUHH 
SJIEKTPHUeCKHM paspAOM.... . 

M. H. Koray. O mmockom TeueHHn Gec- 
KOHE€YHO TIPOBOAAMeH MHKAKOCTH C 
MOUTH MapaJJIeIbHbIMH BeKTOpaMH 
MaTHHTHOFO TOA WM CKOpOCTH . 

3. A. Tepexuankxo. K sompocy o Bou- 
HOBOM COMPOTHBJICHHH Tela pH ero 
KPyTOBOM JIBHXKCHHH . . «©... 

A. C. Komnaneey. Toueunbiii B3pbir B He- 
OAHOpOAHOW aTMociepe . .. . 

A. A. 3anues. K sonpocy 06 ycToH- 
YMBOCTH BA3KOH TVICHKH Ha TBEp- 
OM Tele H B HoToKe Ta3a . . 


V. TEOPHA VIlIPYIOCTH 
A. Ji. Wsaes. O6 ypapuenuax suHea- 


PHS3OBaHHBIX IIPOCTpaHCTBEHHBIX 
3allau TeOpHH UeabHOH MwaacTuy- 
HOCTH: J. <1: t.= ie ol pe 


VI. ACTPOHOMHA 


3. K. Tepaunr u Ji. K. Jlepcxuu. Koc- 
MuuecKHi Bospacr CnxoTe-AnHH- 
cKOro MeTeOopHTa.. .... 

lr. A. Typ3ayasn. CuuxpoTponxoe 13- 
qyueHHe 8B KOMe€TapHbIX TyMaH- 
HOCTAX’ 6 heey oe ee 

Tr. M. Hukoapckun. Yaptpaduomerosoe 
vsiyuenHe H BO30yxKeHHe) KHC- 
JIOPOAHEIX JIMHHH B XpomMociepe . . 

B. C. Cahponos. O rpaBuTalMoHHol He- 
yCTOHUMBOCTH B IVIOCKHX Bpalllato- 
IuxXcCa CHCTeMaxX C OCeBOH CHM- 
MeTpuen "> "foe .2 

lr. A. Vypsaqan. OnekTpoHHasa Temme- 
paTypa cpeqbl MpH CHHXpoTpoH- 
ONG MIENOIC oC Go on Ac 


VII. MATEMATHYECKAA SH3HKA 


10. I. Kpacoscxui. K Teopuu ycraHoBHs- 
IUMXCH BOJIH HeMaJIOH aMIIHTyIbI 


VIII. PBH3HKA 


K. H. Hapoyrt, P. JI. Bapuuckui x 
WM. C. Cmupuosa. Pentrenocnex- 
TPabHElii (pryopecleHTHLI aHamu3 
C SAepHbIM HCTOUHHKOM TepBuu- 
HODO! H&IYUCHHA %9 sl sareeerene 

to. A. LkepkoBHuKos. K Boripocy O KOH- 
BeKIMOHHOM Hey CTOHYHBOCTH 
TAASMEI ye, 5 eis oe Pe ene 


28 


123 
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il. A. Xancun. O6 ogHoli HoBoli dbopme 

AHCHePpCHOHHbIX COOTHOWeHHH . . 

. H. Bepuos, A. E. Uygaxos, I. B. Ba- 
kyos, IO. MH. Jlorayes u A. TI. Hu- 
KouaeB. Hismepenne paqualun mp 
TloJieTe BTOPOH KOCMHYeCKOH pakeTpl 

RB. P. Kapacux. Mccnegopanusn adbexta 

_ Xomna um nmonepeuHoro maruutHoro 
CONPOTHBICHHA B TepMaHuH B Moe 
7ou400) Koper). 

. WH. Ocunos. O peaKkcanun Kome6a- 
TCNbHOPO JBHXKCHHA B H30MpOBaH- 
HOH CHCTeMe rapMOHHYECKUX CCHM- 
JIATOPOB . . 

. H. Oupxosckui. Osoomennas rHApo: 
WMHaMMueCKad = TeOpaaA ~ yabTpa- 
3BYKOBOrO HHTepepomertpa . ; 

r. B. Cnnsax, WH. A. [psamxosa ui 
B. H. Jlenewuuckas. Q1ekTponnoon- 
THUeCKOe HaOMIOAeHue «NOME MATeH» 
Ha SMHTHPYIOUNMX MOBepXHOCTAX 

. HW. Kutakropoxckun u 9. HW. Denun. 
Vismenenue UHTeHCHBHOCTU sep- 
HOTO KBaJ{pyMOJIbHOTO pe30HaHca 
B MOJ€KYIAPHOM KpUCTasse, o6sy- 
YeHHOM ObICTPbIMH SIEKTPOHaMH . 

iH. A. Pytkesny, B. A. Tososna, 

A. K. Baaprep u A. TI. K.aroyuapes. 

Yraopoe pacmpeyeneHHe MmpoTo- 

HOB, YMpyro pacCeaHHbIX H30TO- 

laMW HUKesIA, Me HU KOOaJIbTOM 

| pH 9Hepruu 5,45 Moss . ; 

B. H. Cxo6enkun. Bapuaunounnie npuH- 

IMMbI ONpeAeJIEHHA OCHOBHBIX Xa- 

pakTepHcTHK (eppoMarHeTuKa Ha 

OCHOBe pacueTa MeTIM rucTepesuca 

Tl. i316. O mpumenenuu metoya 

dyHKunh Ipuya B pote" Tee 

NEL Be 

ly ®y-yo. Tpu6mmxennnrit Mero, pac- 

ueTa OCHOBHOTO COCTOAHHA H30TPON- 

Horo auHTHdeppoMarneTuKa . . . 

lr. A. Cxypuqun u K. I. Cramoxosuu. 

| Ilpu6amKeHHoe peuleHue 3aauH 

O JBYXKeHHH MpoBosAleH TMa3Mbl 


IX. TEOPH3HKA 


T. M. Myasapunx. Vurepdepomerpuue- 
ckoe H3MepeHHe WHpHH 9SMHCCHH 
46300 A [01] wu A5198—5200 A 
[N 1] B NonapHbrIx CHAHHAX 

O. C. Bepasuy. O6 oHOM 3aMKHYyTOM 
pelleHuu cia 2 OSSETIA 
Rubiysuu .. . 

A. M. Tyces. K onpesemenuio ‘aOcomor- 
HbIX BBbICOT eqAHOrO Kynoula AH- 
TapKTHMbI.. . 

JI. H. Tyrman u ®. i. * @pankab. Tep- 

_ MO-PHApowMHaMuyecKad MOJesb OOPLI 

B. B. Ulyseikun. OxcnepuMentaibHas 
lIpoBpepKa THMOTe3bI O powers Mar- 
HHTHOrO CKJIOHCHHA . - Pere 


X. TEXHHYECKAA ®H3HKA 


JI. Y. Kasypun u B. H. Bexpses. Mc- 
cmeqopaHue Mpouecca IeKTPH3alluu 
KPHCTamIM3yIOIleHCA BOJbI -. 
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Al. A. Caer. Paguaunonnaa mupomerpua 
MeTaJIOB B OH3KOH MHppakpacuon 
oOONacTH -CHeEKTPa’ fyi F shes ie 

H. C. ®acros. Penaxcayua nanpaxennit 
YW MOM3y4eCTh Kak IpPOMeCcChl BASKOTO 
TCUCHHENY. 58 (hue Mea kot eee dan teers 

B. M. Kop6yt, C. SA. Beitnep u 
B. MW. Jluxtman. 3Hayuenne aycop6- 
I[MCHHBIX B3aHMOJCHCTBUU u OOB- 
@€MHO-Me€XaHH¥eCKHX CBOLCTB CMa- 
30UHBIX CIO€CB IpH vOpadoTKe Me- 
TaIJIOB JaBJIGHHEM . . «6 «6. « 

b. M. Crpyuuu. O neoquopoguocru 
MacCTHueCKoli page et pu 
pacTsKeHHH Se ca 

A. E. Verysun u H. H. -OsyapeHko. 
O  BbICoKoTeMNepaTypHOM —CaMo- 
3aJICUMBaHHH eeKTOB NoBepx- 
HOCTH KPHCTaMIMUCCKHX Tel. . 

H. C. actos. K TepmMoqmuHamuke ue- 
oOpaTuMbIX Mporeccop mulactTuye- 
cKoro edopMupoBaHHa . . 

A. E. Very3sun u A. A. Uinynr. O6 uc- 
KaxKeHHAX WH paspylieHHH Mpumo- 
BePXHOCTHOTO CHOAX  KpuCTamvoB 
@Topucroro WWHTHA .. .. 


XI. TEMOTEXHHKA 


b. H. Jlesstos. Ilepexoqupie pexkumpl 
paOoTbl HeMpepbiBHO JeHCTBYIOWLUX 
TeIJIOOOMCHHHKOB C TOJICTBIMM CTeH- 
Kavi oe 

M. A. CreipuKosuy 1 u E. YL. Hescrpyesa. 
Hccneqopanue paciipeyemenua mapo- 
codepsKaHuli B MOrpaHHuHOM KHIA- 
IleM CIOe€ MeTOJOM OaTa-MpocBeuH- 
BAHHA: 0s ice Luger iene) poets 


XII. QWIEKTPOTEXHHUKA 


JI. Caranosuy. O uncne THMOB CHM- 
MeTPpHH KOHTaKTHBIX (1, &)-nMomI0- 
CHEKOB) s!o5 coga yet sce ccenmtmeaneane 


XIII. KPHCTAJJOLPPA®HA 


A. J. Paxuees. Hopast cmextpodoro- 
MeTpHueckad yCTaHOBKa WIA HC- 
CieqOBaHHA MMKPOKPHCTaIOB. . 

b. Bb. SsBarun. OneKkTpouHorpaduyeckoe 
olpefemeHue CTpyKTypbl KaOJH- 
HATAw ce Ge see Seo 


XIV. XHMHA 


K. A. Anypuwanos, A. A. )KaaHos u 
B. A. Ojuneu. Peakuna xmopme- 
THJIMpOBaHuA  apHuianMdaTHyeckuXx 
JWMCuHoKCaHoB. CHHTe3 XJIOpMeTHJ- 
OCH3HIUMeTHIXIOpCHIaHa MM ero 
TIpOH3BOHBIX . - 

P. B. Pony6uosa u JI. A. Mauixkosnu. Uc- 
cCeqOBaHHe MeTaIMMUeCKUX CoOeIM- 
HeHHH, OOpasyIOWIMXCA Mp B3auMo- 
WlelHiCTBHH MATHKOMMNOHeEHTHOTO HH- 
KemeBoro TBepforo pacTBopa C ek 
6ugOM THTaHa . . oer 

Bb. A. Kasanckui, UH. B. Tactynckas u 
H. Bb. JloGpocepyosa. Msomepusa- 
IMA HEKOTOPbIX FeKCCHOB B ae 
CTBHH OKHCH aJIIOMHHHA . 

M. M. Korton u T. M. Kuceuesa. O cHH- 
Te3e MOIMOpraHOCTaHHOKCaHOB 
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A. K. Jlaspyxuua, A. A. [os3yqHsaKos, 
C. C. Pogun u JI. TW. Mockanesa. 
X pomarorpaduyeckoe OTJeNeHHEe 
@paHuua oT wWesHA H pyOuquA 

O. A. Hetinang ul. A. Banar. Pacnyense- 
Hue  HOOHHEBLIX  MpOH3BOHbIX 
TuMeOHa be Cay ent Be 

93. E. Hnuqgantses, H. B. Mooyuos, 
JI. WH. Kyapsawos u H. K. Kouerkos. 
OTuTeHalleTaIH a-OpoMaponuiale- 
TalbleruHqoB WM UX TpeBpallenus 

P. JI. OGonennes u B. HW. Aponos. Ku- 
HeTHKa IpeBpallleHHAt HeEKOTOPbIX 
MOHOMMKJIMYCCKHX CybpuyoB Hal 
aJIIOMOCHJIMKaTHbIM KaTaJIM3aTOpOM 

lr. A. Pasypaes, H.C. Bacunetickas u 
3. MT. Onetuux. Ilyta o6pa3oza- 
HHA TekcaxylopsTaHa pn doro- 
peakKWUMAx YeTbIPeXXMOpUCTOrO yrse- 
pofa co cnuptTamu : 

A. B. Tonunes, H. C. Hamerkun u 
C. rT. Ayprappsxn. O npucoequHenun 
TpuxopcHiaHa K Auankuu- (e- 
HHI, XJIOP)-2HaMCHiaHaM BIpH- 
cytcTBHH HePtCl,- 6H,O.. .. 

B. MW. WapxKos u B. Il. Jlepanosa. Mc- 
cjleqOBaHHe MOTHOCTH YylaKOBKH 
MaKpOMOJI€KyJI B pa3JIHUHbIX Mmpe- 
TapaTax LUeCJJ0JIO3bI ns 

rT. A. Banar, 9. FO. Tyyzpunuere, 
A. K. Apeu u B. 9. Apeu. Poza- 
HHpoBaHHe 2-apumHHAaHAMOHOB-1,3 

P. B. Tony6uosa u JI. A. Hye. He- 
CJIEMOBAHHe MeTaJIJIMYeCKUX COEAMHE- 
HHH B MHOPOKOMMOHEHTHBIX HHKe- 
JI@BLIX CIIaBax, Sy eS HHO- 
OHM 0 

B. A. Kasancxnii, M. “10. Jlykuna u 
M. JI. Cactbonosa. Cuute3 u kaTasu- 
THYeCKOe THA pupoBaHue hte 
ILMKJIONpOMaHOB 

A. H. Koct, fl. Bb. Tencurcer: u T. aa: 
Baya. CBoHcTsa AlleTHJICHOBOM 
TpyMMbl, CBaA3aHHOH C MHpHAHHO- 
BbIM ANPOM . . 

A. H. Kpapyos u WW. fl. aur aoee Crpoe- 
HHe apWJIPTYTHbIX MPpOH3BOHbIX HH- 
TpOaHHJIMHOB HM HUTPOHa@THaMMHOB 

B. A. Moxnomapenxo, I. B. Ona6amsan u 
A. JI. Merpos. Cuytes kpemuuii- 
OpraHH4eCKHX MOHOMEPOB 3 MeTHA- 
xjlopcuwiaHa . . 

fr. A. Pasysaes, B. I. Sarees u I. P. Me- 


Tyxos. O mo6ouHbiIx  mpoyyKtax 
peakuMH epHkucH O6eH30nIa Cc 
OeH30JIOM . . 


I. WH. Canun, Aa. A. Nerpos, C. P. “Cep- 
rueHKo nu E. A. Huxkutckas. Bas- 
KOCTHbIe CBOHCTBA  asIKHs1apoMa- 
THYCCKHX YIIeBOLOPOAOB HW UX Puy- 
PHPOBaHHbIX aHaJOroB 

A. WM. Turos, E. C. Jlucnupina H 
M. P. Wemropa. HecxonpKo Ha6m0- 
WeHuH MO XHMHM (dbeppomena . . 

A. B. Tonunes, E. A. Myuinna, A. M. Me- 
peabmaH u Bb. A. Kpennenb. Cuu- 
Te3 MOJMBHHMJIMAKIOreKcaHa : 

3. A. WlaGaposa, JI. I. Anypouosa, 
M. Besyek u M. A. [poxodses. 
Cuutes nenTuyos u momndocbatos 
a@HWJIOBOK KucOTE u3 N-(aze- 
HO3SHHoCHo)-dexnasannHa 
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B. T. Awyncxui u B. ©. Bacuapesa. 
PeakuuuH aleTuiupoBaHuaA u Jeli- 
TepooOmMeHa B psy CHAHOHOB 


lr. Younx6epr u B. C. Iubsnos. 

O powm pacTBOpHTeA B peakIHAX 

© |) MMeHITyTKM HG mane oti mone 

B. B. 3enennos, HW. A. Capny u 
Buxt. HM. Cnuupin. Buy TpHkommeKc- 
HbIe CoOeMMHEHUA ypaHa (VI) c a30me- 
THHOBLIMM MPOW3BOXHBIMH . . 

Bb. A. Kasancknnu, JI. A. Haxaneran, 
B. T. Anekcanau, X. E. Crepun 
u A. T. Moyxamosun. Jlerugpata- 
WHA AUMeTHIMAKJIONCHTH Kap On- 
HOJIa B MPHCyTCTBUH CepHOH KUCJIOTHI 

E. HW. Kppinos, B. A. Camapnna u 
A. K. Wroapy. O6 u30mepuu Mmeq- 
HBIX COJI€l KMCIOT HHOOMA HU TaH- 
Tala By lala tele. ctr Men aaa 

A. B. Tonunes, A. M. WWaymwkun u 
M. B. Kypautes. Mccneqopayue 
peakuMu alkuupoBaHHa  dedoua 
aMMJIeHaMH C KaTalM3aTOpaMH Ha 
ocHope (Topuctoro Oopa . . 

M. VT. Youux6epr u Jiu Tyan-nsanp. Ku- 
HeTHKa TOMOFe€HHOTO eCTpyKTHB- 
HOrO rHApHpoBaHUA ToMyONa u OpTo- 
Kpésona. 3. 

Il. T. Kosompryes. Tluarpamma ‘cocTos- 
HHA CHCcTeMbl Co—CooB . . 

B. M. Kpasuenxo u HM. C. Mactyxosa. Cu- 
CTeMbI 3-MeTHJIM3OXHHOHHA C 6eH- 
30JI0M, HacbTaJIMHOM, 2-MeTHJHadpTa- 
JIMHOM HM HHOJIOM 

B. TY. Kproukxosa u C. B. 3asroponnuit. 
AukuJIMpoBaHue 4-cbropaHu3oua 
ouepuHaMH B MpucyTCTBHH Ka- 
Tamu3aTopoB BFs BFs - a POs H 
BFe - O (C2 Hs)2 

A. Ti. Mewepsxos, B. I. Payvennetes u 
A. Jl. Merpos. Cuntes |-meruu-1,2- 
TMUUKIONPONMILAKIOMponanwa . . 

b. M. Muxaitnopu B. A. Jlopoxos. O zeii- 
CTBHM JHOopaHa Ha S*PUupbl BARES 
HW apuHmOOpHbIxX KHCIOT . . 

B. O. Moxuay, C. H. Anapees. 4 
Ee eB: Crporanos. OQ wperHocru 
pacTBopog foa B Se an! 

A. B. Tonunes, JI. C. Monax, H. A. Uep- 
Hak, B. E. Tayuwnes, HU. B. Bepe- 
wuHcKHH nu WI. A. PaasyHos. O pa- 
WallHOHHO- Bale On KpeKMHre 
yIIeBOOpOROB 

H. C. Jlom6posckas, E. A. Anexceesa, 
H. B. Xaxusosa u B. HW. MocpinaiixKo. 
Basucupli TeTpaastp 1/sLi,gSO, — 
NaCl — RbNO; — TIBr 8B _cemep- 
HOH Taba, cucteme Li, Na, 
Rbwellh|| BreeryNO@2ssO, ee 

A. H. Hecmesuos, 'B. A. CasoHopa 1 
B. H. JIpo3sy. Hexotoppie peakunn 
TavlOHAOMPOUSBOAHEIX  epporena. 
@MeppouexnuiamMuH. @eppoueuuu- 
alleTaT F it a ae dp 

A. M. Naywknn, A. B. Tonunes u 
M. B. Kypawes. Ankunupopanne 
(beHoma us00yTHIeHOM Cc romoreH- 
HBIMH sao tee KaTadu- 
3aTopaMu . . : 

A. M. Tossxosa 1 H. A. " UymaescKuii. 

O s3aHMojelicTBHu TeTpaanKuJu- 

THAPHAAMCHIOKCaHOB C HpyHKUHO- 
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HaJIbHBIMH HEHACHILLCHHbIMH CoesH- 
SECSUUEGTING Lats * BO eae! Mamas aR 
WM. Uepuses, H. C. Huxonaes vn 
E. Y. Annoautos. Hospiii nyts nony- 
YeHHA YekcadTopimaTuHaToB . . . 
H. Kponayesa, b. A. Jlouronaock 
wu E. M. Kysxneyopa. Vsyuenne 
CKOpocTH MpHcoequHeHuA suTUHIT- 
STHIa K CTHpony wu Hs0mpeny 
B xoZe Mpomecca nowMMepusanun 
M. Huknumn, B. Jl. Bopoéses u 
A. J. Merpos. Cao6oqno-panuKan- 
HOe TMpHcoequHeHHe anmkKHI6eH30- 
OB K @-onepuHaM .. 

A. Tlanbm u M. 1. Xpitpar. Vcewie- 
WOBaHHe POH supa RB peaKxuuu 
oOpasopanua peaktTuBa [punpapa 
B. CmupxHos-3amkos u LF. A. Muc- 
KOBHTHHa. CTepeOxXHMHA HM MexXa- 
HH38M MpHCcoeqHHeHHA Opomucroro 
Bofopodqa K AHMeTHIOBOMy 2dupy 
alleTHJICHAU Kap 6oHOBOK KHCJIOTHI 
B OpraHH4eCKHX KUCHOTaX . . 

B. Tonunves, H. A. Mycaer, 
9. X. Wcxaxosa, H. M. Capauna- 
mewn, A. H. Kuennuckui u 
lr. J. Yaapnepo. WUccnezopanue 
HHAMBHAyabHOrTO §=©yreBogopoyHoro 
cocTapa OeH3HHOB KPeKHHTa cypa- 
XaHCKOH oTOOpHOH HeTH . . 


XV. PH3HYECKAA XHMHA 


B. B. Jloces u A. H. Mosogos. Baua- 
Hu@ aHHOHOB Ha aHOJHOe pee Dobe. 
HHe aMaJIbraMbl HHUA : 

A. B. Mupckai. Axcopouua apoB ‘Ha 
KPHCTaIIMYeCKHX — acopOeHTax— 
MOJI€KYJAPHBIX CHTAaX 

B. HW. Owepos. Se ais XUMHYeCKOHt all- 

} cop6uuu ... 

A. H. Wonomapes u aber Tamppose. 
Jlelitepo-Bodopoyublt oOmeH B xojle 
peakuuu TupHpoBaHuA aTOMapHbIM 
BOOpoomM TBEPALIX OePHHOB 
POON okey er <0 6 

C. 3. Poruuckui. O poucxoxkLenHH 
mpexcopOunonHoro acpeKta Hu He- 
KOTOPbIX ApyruxX aHOMAaJIMH KaTa- 
muTuyeckoro okucieHua CO Ha 
OKHCHBIX MOJyMpOBOMHHKaX .. . 


WM. B. Couaspa. TenmoemKocTb JIMHel- 
HbIX MOJHMepOB MpH HHSKHX TeM- 
MepatyPaXsi. ts Hs Rae Lar, 

Xya bao-yuH, IWoHb Cun-cy, 
3. A. Hoda u 9. WH. Muxaiaosa. 
Bauauue TraylOovHbIX HOHOB Ha 


KOPppO3HIO Hep2KaBelolleH cram 18- 
8 B cepHol KHCuIOTE ; 

E. A. Edumos u HM. YT. Epycasumunk. 
O6 oco6eHHOCTAX  921eKTPOXUMH- 
yeCKOrO  paCTBOPeHHA  KpeMHHA 
WAVE odo 0 eo Soca) Urea 

B. A. Kaprun, Tl. B. KosnoB u Bau 
Hali-uan. O tTemmepatType CTeKJO0- 
BaHHA Le JNOO3bI for edits 

A. 0. Hamnor. Maxcumym pactso- 

PHMOCTH KOMMOHeHTa ras0BOH CMe- 

CH B XHMAKOCTH. . : 

B. flneckos. Peakunu poccTaHOB- 

meHusat Ha YepMaHHeBOM KkaTOje 
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C. 3. Pornuckui# u 1O. JI. Xanr. 
K Bompocy 0 mpoucxoxeHun KOM- 
M€HCaUMOHHOTO 9dipeKTa B XHMH- 
yeCKOH KHHeTHKe . . 

lr. H. Tpycop u H. A, AzamKanopa. 
O6meH us0TONOB BokOposa Ha Mau- 
Waluu . . . 

B. H. ®uctyap u bit r. Aumpuanos. Ar. 
CopOuMOHHBIe H3MCHCHHA TMOBepx- 
HOCTHOH MPOBOAMMOCTH TepMaHHa . 

H. JI. Antekapp. O xuarpammax co- 
CTOAHHA B CuCTeMax C ylopsjoueH- 


HOH (paso . . 
P. X. Bypuiteiin 1 JI. A. Jlapun. Baus- 
Hue = =alcop6upoBaHHoro ~~ KHCIO- 


pofla Ha paOoTy BbIxoqa 91ekKTpoHa 
“3 TepMaHHA 

B. ®. Knuceues, K. PL. Kpacuapnukos 
u B. B. Mypuna. Tennotst cmaun- 
BaHuA adpocuma amucdaTuuecKHMH 
CHUP TAM) < lau aerate aie an eee 

C. Jl. Jiesuna u T. B. Kanum. Baua- 
HHe paHomH3a Ha NOTeHWHan HH- 
KeJIeEBOrO SIeKTpOa B WeOUHOM 
pacTBope B 3aBHCHMOCTH OT CocTaBa 


Ta3s0BoH qbasbr . . . 5 
C. 3. Pormuckuit u B. A. Wun. 
Hiccneqopanue afcop6uuu Henpe- 


TebHbIX dTopyruepoqop CF, u 
CsgFg B 2I€KTPOHHOM [poekTope . . 
M. B. Cmupnos, HW. ©. Huyuxos, 
C. M1. Pacnonun u M. B. Mepdunses. 
Visyyenne TepMoxHHaMuKU  pe- 


4} 
axyun UO2(1)+ 3 C(rp)+ Cle (1) = 


1 

UOCI,(7) +- 7 CO2(7) M€TOJOM 
SJICKTPOABUKYWNX CHI . . 

Yr. M. ®nopwanosuy u A. M. Koxo- 
THIPKMH. Bauanwe cofepxaHua 
xpoMa Ha 9 I€KTpOXHMHUeCKOe HU 
KOPPO3HOHHOe oBexeHHe CiaBoOB 
SKEIESO=XPOM "5 sa, oh Neen 

b. TI. Bepuur, M. M. Jly6unun, 
E. [. )Kykosckxas u B. B. Cepnun- 


cku. Apcop6uua mapoB a30Ta 
Ha MOJMPUMIMpOBaHHOM aKTHBHOM 
y DUC wee il oe BREE 


X. 3. Bpatunna. Boccranosseune HHQUA 
Ha PTyTHOM KalleIbHOM 93/1eKTpoye 
B IpHCyTCTBHH HEKOTOPbIX HeOpraHH- 


yeCKHX HM OpraHHueCKHX  KaTHO- 
HOBUe us VM re oc 
PI Xe Bypwieiin, JI. A. Jlapun u 


lr. ®. Boponuna. XemocopOyna KuC- 
ylopoqa Ha repMaHHH . .. 
WM. M. Bocko6otnuxos u A. SF. Anuu. 


Vismepenue TemlepaTypb! eToHa- 
IHOHHOTO 8 @poHTa  B3PbIBYAaTbIX 
BEMLECTB a aun Uchiha 


3. X. Ennkees, JI. A. Maproae u 
C. 3. Poruucku. VMsmenenne pa- 
60TbI BbIXOJa OKHCHBIX MOympo- 
BOJHHKOB IIpH BBeeHHH OOaBOK 

C. H. 3agymxun. K sompocy o BewH- 
yHHe Mexka3sHOli MoBepxXHOCTHOH 
SHeprHH MeTaqJIOB Ha rpaHue 
KpHCTavlI — paciaB 

WM. A. Kakoscxna u H. YP. Tropun. 
KatamuTuueckoe eHCTBHe MOHOB 
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MeH pH paCTBOpeHuH MeTAIJIOB 
C KHCIOpOLHOH AenonApusayuei . 
O. H. JlyKpsnosa, TI. A. Pe6unzep 
u T. M. Besoycopa. Kunetuueckue 
ocOOeHHOCTH TuApaTallMOHHOrO TBeEp- 
JeHUA Cyb(paTow . . ; 
W. WU. Moncees, M. H. BapratuK u 
A. K. Cpipkun. Peakuuu oKucse- 
HAA OLED A HOB Me vena on ole iisy ea te-eee 
Jj. Ui. Tumodees. VMsyyenve s3apncu- 
MOCTH kKoaddpunHenta Wudbpy3suu oT 
3allOJIHeHHA Ha  3epHax  cop- 
6eHTa MpOHSBOJIbHOL CopMbI 
C. TY. Onteac, VF. B. Onnse H 
H. M. Uupkos. Mounsanna 
TpudenuikapOuHola B cpese cep- 
HOM KUCJIOTHI, COMep2xKalllelt H30Mpo- 
MHWOBbIM cnupT. M3smepexune eS 
uuu KucnoTHOCTH JIeHO : 


JI. VT. Boaxosutunos. O yerouaunn 
YKUAKUX B3PbIBUATHIX BelleCTB 
© MaJIOl CKOpOCTBIO 

E. Byyescxun u C. Tousen. Uccnezo- 
BaHHe KUWeETHKH 9JIeKTPOXHMHUe- 
CKOTO BOCCTaAHOBJICHHA XPOMOBOH Ku- 
CNOTLI Ha she ees TMCKO- 
BOM 3JIeKTpoye . . 

ll. A. Pnasynos u A. Ki Mukaer. Uc- 
cneqoBpaHne paquomuTuyeckoro 
OKHCIe€HHA AByXBaJIeHTHOTO 2KeTesa 
TIpH BbICOKHX MOLLHOCTAX  JO3bI 
oOmyueHHA : 

E. T. Jlenucos. Hosas peakuus 3apoxk- 
JeHHA WeneH B 2KHAKOAa3HOM OKUC- 
JI@HHH 

M. ®. Kasancknit. Ananns “opm cBa3H 
WM COCTOAHHA Baru, MOrsouleHHolt 
TMCM€pCHBIM TEJIOM, C TIOMOLbIO KH- 
HeETHYCCKHX KPHBbIX CYLIKU 

O. B. Kppinos. O6 ofHom ciry4ae romoreH- 
HOrO) © HIpoODKeHHA =—s TeTeporeH- 
HOH KaTaJIMTHYeCKON peakuuu 

C. HW. KyGapes. O morsouenuu cpeta u 
JHOMHHeCHEHLHH  CiOXKHEIX MoOue- 
Ky Jalal 

J. A. Maproamuc u B. A. “Kuceses. 
MsoTonubl oOMeH Kkucnopofa Ha 
OKHCIHTCIbBHBIX KaTawM3aTopax . . 

A. B. Hukousckas, B. A. Teityepux u 
A. WU. Yepacumos. Tepmoyuna- 
MHYeCKHe CBOHCTBAa aHTHMOHHa HH- 
qua. . 

A. B. CokomecKuii 1 H ‘y I. 3aKkymGaera. 
Bauanne 1o6aBpok rasoreHuyoB ule- 
JIOUHEIX Me€TAIJIOB Ha KOJIMUeCTBO 
BOkOpola, aCopOupoBanHoro Ma- 
THHOBOH UuepHbIO 

H. C. Tuxomuposa, FO. M. Masmucknii 
u B. JI. Kapnos. O6patumpre u3me- 
HEHHA YTa3sOMpOHHaemocTH MNoJH- 
MepoB B us ramMa-oOy- 
yeHHA . . 


Rae 1G Jlesuqeppes u C. Ty. “Bepeswua. 


IIpeqenbubl Tok Audpy3suu Ha 
BPallalwowlHlCA LMCKOBLIN QIeEKTpOR 
IIpH KaTOQHOM BbIJe@eHHH BO]O- 
pokay es . CE Eo er ei 

B. ®, Kuceses, K. [. Kpacwabunkos 
u T. C. Xoygakos. Bausuue arpe- 
raluu vaCTH, KBapla Mp U38MedIb- 
4ueHHH Ha ero aCOpOMMOHHbIe CBOl- 
CTBa ge rs ae 
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tO. UI. Mourkosckui. CrektTpbl 9/1eK- 
TPpOHHOrO MapaMarHuTHOrO pe30o- 
HaHCa IMaHOBbIX KpacuTeneli . . 12’ 
Tr. M. Tlanyenxos u ¥O. M. )Kopos. 
Mertojbl onpeqereHuaA KHHETHYCCKHX 
KOHCTaHT HM OOsacTeli MpoTeKaHHA 
XHMH4CCKHX  peakiMli, OCyleCT- 
BJIA€MBIX B MOTOKe . . 42 
A. K. [Jinckynos, JI. H. [Uuropun, 
B. WH. Cmupuosa u B. MW. Crenanos. 
CneKTpbl 93JIeKTPOHHOTO MapaMmar- 
HHTHOrO pe30HaHCa HeKOTOPbIX 
wabiga ee coelMHeHHit 
M@IW ac.“ «cues ce a 
A. C. UYepxacos. O nposi1eHHH MexK- 
MOJI€KYJAPHbIX BSaHMOZeCHCTBHH B 
cneKTpax (bryopecieHiHH pacTBo- 
pOB alleTHaHTpalleHOB B CMeCAX 
pactBopuTeneint | 29. <) eo nee 
M. WH. Uxenyse, HW. HH. Moaun, 
H. A. By6ex u B. B. Boesoyckui. 
CnekTpb! 9.0.p. H KMHeETHKa HaKOII- 
JIGHHA PaqukaJOB Ip paluouse He- 
KOTOPbIX apOMaTH¥YeCKHX  CoedH- 
HEHUME (a1... a eae ae ee 


AVI. XHMHYECKAA TEXHOJAOTHA 


VM. A. Bynapun. Omnpefzeirenue BaA3KOCTH 
CHJIMKaTHBIX paciwaBOB . . 12 

WM. UW. Kutanropoyckui u H. B. Apramo- 
HoBa. Hosplii TepMocTOMKH Ter0- | 
H30J1AILMOH HEI MaTepHal = «ile- | 
HOCH)... . 37 

FOS: Mamenasmes, “M. M. Tyceiinos 
uC. M. Mamenos. Ilomyuenne 


XJIOPyrepoqoB XJIOPHPOBaHHeM 
II@HTaHOB B KHMAULeEM COe KaTaJH- 
SATOP A sty Vy. Wyle ge ak 


K. ®. )Kurau, H. M. Kacpanos u 
JI. K. Myxuu.  Peonornueckue 
CBOHCTBA He@TAHBIX  KOJIJIOHJHbIX 
pacTBopoB . . : 58 
JI. B. 3pepes u 3. C. Bapcykosa. Xnopu- 
poBaHHve peAKOMeTaIbHbIX  CHJIH- 
KaTOB B pacmvlaBe aoe meou- 


HBIX MeTaJJIOB . . 59 
M. W. Kurahropoxckui u M. A. Ap- 
TamoHoBa. M3yueHne BJMAHHA 
oOaBok OKHCH MpaseoqumMa ua 
CBOHCTBa H€KOTOPHIX cTeKoT . . 89 


T. M. Bepkxosuy, O. HW. VTpauesa u 
H. HW. Kynpeesa. K sponpocy o Tep- 
MHueCKOH  yCTOM4YHBOCTH Tuypo- 
cyboatioMMHaTOB Kambuna .. . 108 
B. B. Tepacumos, A. HU. Tpomosa u 
3. T. Wanosanos. Bauanue xuc- 
NOpodqa Ha KOPpO3HOHHOe u 97eK- 
TpOXMMHYeCKOe TMOBekeHHe CTaH 
I1X18H9T B soge a pet 
TlapaMeTpoB . . 108 
JI. W. Kapsxun u Ti aoa Leiiramn. 
O munepanoo6pasopaHun B KpeM- 
H€3€MHCTOM THTI€ WHUYKUMOHHOL 
CTalenwaBuIbHOH meq. 10§ 
A. C. @®penkenb, K. M. Lmykaep, 
b. A. Cyxapescxui u H. B. Pyapxo. 
O mexaHu3Me oOpas0BaHuA U pac- 
Tlaa TBepAbIX PpacTBOpoOB WMHHeTeli 
B TGDHKWaSC! im. 1 se Speen em 
H. B. Arees, ®. H. Tapam3e u 
tO. M. Kaprseaumenau. K sompo- 


cy ©O MNoOuyueHHH UHCTEIX XJJ0- 
PHAOB xpomMa . . sphetaieg 
C. Jtyxun. Tudpysnonneri MlOTeH- 
Ia] TBHXKeHHA H eFO pOulb B 3ue- 
M€HTapHOM akTe (oTauun .. . 


XVII. TEOJOPHA 


. A. Boakos. XpasbincKne oT02x%Ke- 
HHA Sanaqupix Kapakymop . . 

. A. )Kyk-Tlouexytos n B. II. Macuios. 
Tpaduropas mpoOlematTuka H3 
BororompceKoro rombiua (Bocrounpili 
OBI) age tere ; 

. A. KamaserauHos u PLA. Kamazer- 


munos. Hospie aHHble © eBoHe 
Oacceliva p. B. Mx wa FOxuxuom 
Ypaue 


p OB. Kongopckas u B. MU. “Tuxonos. 
K Bompocy 0 CelicMuuHOCTH HM TeKTO- 
Huke KamuaTKH H CeBepHOl uacTH 
KypusbcKolt rpayp . ee a: 
M. Jlomuse. SakoHomMepHocTu Ma- 
WbIX WiacTHyeckHx  edopmMalnu 
B OOMaCTH yIpOUHeEHHA AucnepcHoro 
WP Waay ee = 

. Tr. Maes. Oco6ennocrn ocaqKoo6pa- 
30BaHHa B lOxwKHOoM Kacnun.... 
E. Muganoscku. O cmefax BepxHe- 
IIIHOIWCHOBOTO OJIEI€HCHHA B BBICO- 


KOrOpHolt uacTH eae 
Kapka3a . . 
ww. M. Noxposcxaa u ‘BOB. "Bayep. 
TlamMHomorMyeckoe o6ocHoBaHue 
BO3paCTa SAHTAPeHOCHbIX OTJIOMKe- 
HUM) WI pHOANTHKH 0) wt ws 
K. IT. Campiuxkuna. @Mopamunnceppt 


u crpaturpapua aJIbOCKUX OTMO2XKe- 

Huu JjarectaHa .. . 

H. HW. Cxupraayse. Hospie annie « (e) Bepx- 
HEM lasleo30e PAREN ROLD Mac- 
CHB aie. as : 

E. M. Beauxoscxan u A. A. “Creksos. 
O pepxHecapMaTCKUX OTJO2KeCHHAX 
OacceiiHop pek Boapuwioh Jla6n u 
Benson : 

B. ®. Epoxos. Hoste jannere 0 BO3- 
pacTte HeOreHOBbIX oOOpa3s0BaHHli 
cerepo-BOCTOUHOH uacTH 0. a 
pynm (Kypuapckue ocTpoBa) . . . 

B. C. )Kypasues u 10. FA. Ky3bmun. 
O npegnomaraemom AsrupCcKoM pa3- 
JIOMe B IOXKHOH uacTH MexKypeubA 
Mogwel ii JROnINIe 2 moan theo oc 

. ®. Wsanxkun, IT. B. Wnwun, 

B. C. Ky3e6upiii u I. TY. Beqepnukos. 

O «o06aTOMTOBbIX) MOPPUpOBbIxX HH- 

Tpy3upax Pyfuoro AstTaad uM UX 

DYMOHOCHOCTM te all 2 - 

WM. Ceamyn. Hoppre WaHHple 0 ay- 

HMCTHUCCKOH XapaKTepHCTHKe OJIH- 

TOWeHOBbIX oToKeHHH I]puquen- 

PoBcKoro Sag aan CHODY BEOTe 6ac- 

celiHa .. soho 

B. H. Yrpoonu. Ochopnie ‘uepTEI Mopio- 

lorHu, THIICOMeTpHM HM TeHesuca 1O- 


TpeTHUHOM MOBePXHOCTH  BHEeLIHeli 
30HbI IIpeqkapnaTcKoro mporHuoa 
H loro-3anaHOu eae Pycckou 
WaTPOpMb. 3 ‘ 
M. HW. bBaank nH. E. Kancxnit. 


O THMIMCOHOCHBIX: OTJIOWKCHHAX BePX- 
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Hero. kKxMepHyxKa J, HenpoBcKo- 
Floneykoli BiagquHbl . . 2... 

A. 0. Posenysut. Tnypotepmanbuasa 
apruiusalua mopox B Bocrou- 
HOM SaGOalikanbe . . 

B. H. Tuxonos u PL. B. Yaunues. Ky BO- 
Mpocy 0 CBA3AX MexKy TeKTOHH- 
Koi KamuaTku uw pembetpom ee 
NOMBOAHBIX CKJIOHOB ...... 

B. T. Xaasmdamxa. Ormoxenusa Gaur. 
KMPCKOTO sApyCa IWeHTpabHbIX H 
CeBepHbIX paloHoB TaTapuu... 

C. M. Tubman u T. M. Cocynos. He- 
KOTOPble OCOOCHHOCTH  pa3sBHTHA 
UyKorcKoli TeOCHHKJIHHaJIbHOH 
30HbI B HM)KHEM Tpwace. . 

9. Il. Xoxaos u H. I. Ocnnos. O6 oTKppI- 
THU eBOHCKOH (bayHbl B OacceliHe 
p. Humana (XaG6aposcknit xpaii) 

tO. B. Uyyunos. O aAyroo6pasuolt 3o- 
HaJIbHOCTH B FeOJOrHyeCKOM cCTpoe- 
Huu Bocrouvol TyBbi uv CMexKHBIX 06- 
HaCrew s 2: 

E. A. Cnarsnuckas. Oco6ennocru yraie- 
HaKOMICHHA B allJIsSIpHHCKOe BpeMsA 
B IlentpanmbHom Kas3axcrane. . . 

Yr. 0. Tampasau. CrpyxtypHaa cxema 


AmurepoucKoro NOyOCTpoBa 4 
Ipuserarouux Renee Kacnuit- 
cKOrO MOpa.. . ae 
P. E. Tutepmaw u H. <i. Kynpuua. 


CrOpOBO-MbIIbUeBbIe CHeKTPbI yer- 
BePTHUHBIX  OTJIOXKeHH  JOMHBI 
P.-* SLHBINY 9 to, pop ee 
C. A. Kosanesckui. Teomoruyeckue 
yepTbI WMHeaMeHTa 38-ro MepuqHaHa 
B palione UepHoro mMopx . .. 
K. I. Kopoaespul.A. Cmensuckas. Hospie 
WaHHple oO ocwopuTax B opjo- 
BUKCKHX OTJO%KeHHAX CeBepHoro 
Kasaxctanalde) Wal), a0 aa anne 
YW. dH. Twxpuuckun. OTHOCHTeJIbHO 
BO3MO2%KHOCTH HaKOMJI€HHA CYJIb- 
(aTHBIX  OCaqKOB B NOHWKeHHAX 
JIOHHOTO pembetpa STIMKOHTHHEH- 
TaJIbHbIX MoOpeli 
K. P. YWennxos u A. M. ‘Menseneza. 
Cnopbl u Mbiibya u3 Hedteli Bouro- 
YpasbeKoH oOacTH HM UX 3Haue- 
Hue pH pewexHHuH Bompoca O Mu- 
rpalun HepTH . . Bae eaek 


XVIII. MHHEPAJIOFHA 


M. ©. Buxkyaosa. VMccaeqopanne cme- 
cell I'VIMHHCTbIX MHHepaJoB F 
B. A. Kononopa. O MetaMUKTHOH pas- 
HOBHIHOCTH, BeS3yBHaHa U3 lewl0y- 
Horo mermatuta tOro-Bocrounon Tyspt 
K. M. Myxanos, JI. ®. Hapxkenton u 
T. A. SKkossesckas. O HaxoyKe 
OeTeXTHHUTA Ha © J[xe3kasrau- 
CKOM MeCTOpowKyeHHH .. ... . 
H. HO. Uxkopuukosa. Kpucranausauns 
MarHeTHTa HM OOpasoBaHHe yrvIeBo- 
mopowop B cucreme CaCO3 — 
NaCl —H,O— Fe mpm spicokux TeM- 
mepatypaxX HW JaBieHHAX . 2... 
JI. 1. Wupoxunkos. Qnementsl-mpumecu 
B aJWJIOTHTeHHBbIX My CKOBHTaX COCTpo- 
pos Uamn, Bunep-Hettuiragr u Xelica 
(apxunenar Semaa Wpaxya-Ho- 
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fl. Crapxos u E. H. Jlapnonosa. 
T[pesuue H3MAHHA MHKPHTOBbIX 
nopdupHToe Ha TeppHTOpHu es 
CKO. OONACTH Gs Mary. iseyees ‘ 
Yr. Yyosxuna. O emapanare 43 
TlonapHoro Ypama.. . Sabin be 
M. Tososanos. KopoHagqut 43 30HBI 


OKHCJICHHA CBHHIUOBO-UHHKOBOrO 
MECRO DOR AEH Kupiauesey 
@eGCP) ie: ‘ Hic 


M. TopGyxosa. "aay kount HHKHeMe- 
JIOBLIX OTMOmKeHuK JarecraHa. . 
A. Tresymes u SI. M. Kpasitos. 
O coctape Mpumeceli B yPav Sek u 
AKYTCKUX aJIMasax : 

Tl. Kasenos. O6 oco6eHHocTAx co- 
cTapa CyYPbMAHbIX MHHepasOB 3OHbI 
OKHCJIe€HHA ear 
A. Kopuusos. )Kenesucrsie cepnen- 
TuHbl ITleyenrckux cyJIb(pPHAHbIXx 
M@JHO-HHKeIeBLIX MeCTOPOXKAeCHHH 
B. Pygnesa u T. A. Maunpiuiesa. 
O coctape 6aiikoBuTa 

MW. Cumonos u H. B. Besor. Kpu- 
cTaMuecKkad CTpyKTypa  Jl0Be- 
HET vy wth bess ogden. Sklar Meee 
WM. Cmupoop u A. M. Tyumna. 
O Haxogke BTOpHuHBIX dociopu- 
TOBEBE WapAavaveal ans wideseee tes 


. oy fol er i 


XIX. METPOFPA®HA 


C. Bepanu u A. B. XaGOaxos. Mccae- 
JOBaHHe HeEKOTOPbIX (bH3HKO-XHMH- 
yeCKUX CBOHCTB KapOoHaTHBIX 
MOpok ¢ WebO onpeeneHuA yc- 
JOBMH UX OOpa3s0BaHHA . 

Jl. Peoxtuctos. Rte sa6aso- 
BbIi CHI. . ae 

MW. Bywunckui. O “quarenese “KeM- 
OpHickoH cHHeli TIHHbI OKpect- 
Hocten JleHwHTpaqa .. .... 
A. Kasenkuna. O mMuHepabHoM co- 
CTaBe COBP€MCHHEIX OCAIKOB 3aJIMBa 
IIpopan . . ss 
T. Maapiuiex. Marnurapie imapuKu 
B HMXKHETPeTHUHBIX OOpas0BaHHAX 
}OXKHOTO ckIOHa Cepepo-SanagHoro 
aR Wasa) pemce wate pea hae teckel ase 
A. PomaHopa. CmekTpaibHaa ap- 


KocTb eckos I[Oro-BocTrouHbix 
KapakymMoB SY Sie ee 
JI. FOpesuy. K netporpatbuyeckont 
XapakTepucTuke akuarblIbCKUX 


OTJIOXKeHUI PE en palio- 
Hat tee Federman. wre 
Il. Nerpos. IleppuuHbe 300BbIe 
mleCkH nycthiub =—s Llen past uot 
Asuna .... 

B. Xsoposa u 'M. H. Vaeuncxaa. 
AnasbuuMcocepxalllne MOpodbI 
B  HMKHEMe€pMCKHX  OTVWIO2KeCHHAX 
AGP OVNO). AVOBWIEL. cn a mt ese oe 0 
Aj. Waposckun. O sonaibyHoctu B Ma- 
PHY NOMMTH3UPOBaHHbIX mle10u- 
HBLXp TOD OWA wy tenner eres 
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XX. JIHTOJIO‘PHA 


I. Koccoscxas. O cneuntuxe 9nu- 
PeHeTHYeCCKHX H3MeCHeCHHH  Teppu- 
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TeHHBIX TOpod B yCOBHAX M1aT- 
bopMeHHoli uw TeOCHHKMHaJbHOL 
OOMACTCH? (ea sieete ee 


XXI. TEOXHMHA 


B. M. Parsinckuh u JI. E. Wrepnoepr. 
O cpa3u repMaHua c metporpadu- 
yeCKHMH KOMMOHEHTaMH MCKOMAaeMbIx 

UEE 2c 

B. B. Heanos u|B. YO. Boarun. Hospie 

JaHHble O MpHpOAHbIX KOHILCHTpPa- 

HUH Xe MHUM Aeon 2 oe soe eee 

A. Asexcuna. O pacnpelemennu 

ayTHTeCHHOTO KpeMHE3EMAa B HJIMCTIX 

ocafKax cpequeli uactu KacnuiicKo- 
joys GON | Sw dc rn 5a" 

B. A. Tososko. Hexoropnie nanHBie K T1e- 
Tporpaduyeckoli Hu reoxumMMuecKol 
XapaKTepHCTHKe O8e€pCKO-XOBaHCKUX 
oTmomKeHHH Tloqmockopba .. . . 

JI. A. Hasapkun. O pos ckopoctu ce- 
WMMeHTalMM B HakoneHuH aOco- 
JHOTHBIX MaCC OprfaHHuecKorO Be- 
MécTRa B OCAIKeE © fa .uh) anne 

i]. C. Coasnn. Dopmbr 2xeme3a B MCJIOBEIX 
M TPeCTHUHBIX OTMORKeHHAX TypK- 
Meni’ & Payot oo ee eae 


M. 


XXII. TIOGBOBEJEHHE 


WY. H. Crenanos. HexkorToppie. 3aMeTKH 
K Nlo3HaHHIO TeHe3HCa MOYUB BBICOKO- 
ropu Taup-lawq... 1... .. 


XXIII. OKEAHOJOLH A 


A. Senkesuy, H. IT. Bapcanosa u 
Ir. M. Beases. KonnuecrpexHoe 
pacipewenenHe OHHOH @ayHbl B 
aOuccamu Mupoporo okeaHa . . . 
B. Hsanos u B. H. Poikosa. Mu- 
TCHCHBHOCTh OOpa3s0BaHHA CepoOBo- 
Ropolla B HEKOTOPbIX TpyHTax JH- 
Topanmu BepesuoBa Mopax . .. 
Jl. Bespyxos u E. A. PomankeBuy. 
K cTparurpadun uv auTOOrHM JoOH- 
HBIX OTJIOXKeHHH ceBepo-3anaqHon 
uactH Tuxoro oKeaHa . . 
B. Mapun, Apean catipnr (Cololabis 
saira Brev. — Scombresocidae, 
Pisces) 4 3HayeHHe OkeaHorpaduue- 
CKHxX (dakTopoB WIA ee panne 
CTpaHeHHa .. . a aaa 
H. C. Ckopxsakosa. Maprautionpie KOH- 
KpelHH B OCafKaxX CeBepo-BOCTOU- 
HOH uacTH THxoro okeaHa. .. . 
lr. M. Benses. Kowuuectsenxoe pac- 
Tipeqenenue Oentoca B TacmMaHoBoM 
Mope H B aHTapKTMYeCKHX BOax 
kK tory ot Hopow Senanqun .. . 


A. Kysneyos, JlaHnbie mo Komumuect- 
BeHHOMy paciipeyeneHvio JOHHOM 
Q@ayHbt woxa ArnantuyecKoro 
OK CAMA. 114 cay baste, 


XXIV. TAJIEOHTOJIOTH A 


Yr. Bosorgun. O poze Ajacicyathus 
Bedford et bedford,1939 ncem.Ajaci- 
cyathidae Bedford et bedford, 1939. 
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K. Taoyuus u O. Manecky. O nep- 
BOH HaXOJKe OCTaTKOB PHraHTCKHXx 
Hocoporos us cem. Indricotheriidae 
B Pymprnun . 


B. Meanoscxuii u dl. A. “Jlanposa. Ha- 


XOAKH OCTaTKOB WecTHsyueBbix 
KOpaJIJIOB B M@JIOBLIX MW MameoreHo- 
BbIX OTVIOXKCHHAX PATA: saat 
CKOH HH3MeHHOCTH 

JI. Jlenemye. K quarnosy “cuaypuii- 
CKHX TaOyIAT u3 pene Sy: 
lus Sokolov 

Il. Joayyenko. O cTpoennn "cKO- 
maeMbIxX cnop Conipteris 

WM. UYounesa. Hospi Bul Herac- 
leum Ha uayquHckux~ ormoxenuli 
PVDMUC ema ws ok oe aaenthy le fer 
H. Cyxayes, P. H.  Topsosa, 
E. I]. Meteapuesa u A. K. Henoce- 
ega. K ucTOpHu pa3BHTHA pacrTu- 
T@JIbHOrO MOKPOBa  IleHTpaJIbHbIX 
oOmacte PyccKou Poa B Te- 
yeHHe rowoleHa ; 

b. Macaos. Hosptii Bu pona Rab- 
docnema Okulitch, 1943 c pelta 
B BepXHeH uacTH KyOKa as 6 
H. Cyxaues, P. H. TYopsosa, 
E. I]. Meteabuesa u A. K. Heyoce- 
espa. K no3HaHMIO — IVIelCTOMeHO- 
poli (ropbl oKpectHocte r. Mockspl 
Wapnuckas. O6 octaTkax 901¢€- 
u3 Tr. Kunuy-Kepuu 
BILANHHe/ a, | hese aos 
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Lntocnextpodoto- 
MeTpHyeckoe UCCeqoBaHHe  CHH- 
Te3a  pHOOHYKJICHHOBOM  KHCJIOTHI 
B A[paX TaHIWMOSHbIX KJIeTOK CeT- 
uaTKH i erat. te als 
WM. Bpayne. Mutoxonypuu KkjeToK 
onmyxolH OpiuxXa HM UX H3MeHCHHA 
IIpH SKCMePHMeHTaJIbHBIX  BOSJeli- 
CTBHAX : a oir Oe ues he 
B. 3p6nHa. I[lonoBolw xXpomMaTHH 
B TpodboOmacTe paHHHx s3apoJpliler 
OeOH KDpbICbI sa hr eet 
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I. Vperen. Pacmpegenenne cybp- 
PHA pas bHbIX rpyin B HepBHBIX 
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HOBOH (uOpbl 
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XXV. 
A. Bpoxckun. 


K. TF. Wurxos. Mopdosoruyeckue u3Me- 


He€HHA B HEKOTOPbIX OpraHax Oe- 
JIbIX MbIeli B Mpolecce pasBUuTHA 
IpHBUTOH Boro uOMe oe 
MAK aa, o 


K. TY. Uurkos. Vismenenus B sjlep HOM 


M. B. iMopnukosa. 
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TuctoxuMua ructTu- 
WuHa B TwaKuxX MbIWMax Oecnos- 
BOHOUHbIX HM MO3BOHOUHbIX XKHBOTHBIX 


®. A. Mapromna. O cocyfax B Xpa- 


mesolt TKaHH KpyIIHOrO ponawone 
cKoTa 


B. H. Wlanymosnu. Ucrounnk BO3HUKHO- 


BeHHA HM cybOa 
KHCIOT B 2Ke/ITOUHOK 
KypHHOro sla 


Hy KJICH HOBBIX 
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®. MueasKxos. K sonpocy o iomu- 
HeCIeHUHH Tvla3a nana ye- 
mopeka. ... 


XXVIII. PEHETHKA 
M. Manuxoc nu JI. K. Mosquaxos. 
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ll. yOunun u P. A. Laseasson. 
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H. Meysenes. CnonraHHpie ue HH- 
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XXVIII. IKOMOTU A 
Bb. Yenosa, E. A. Tumodeesa-Pe- 


copckas u H. B. Tumodees-Pecos- - 


cKkui. O BaMaHHH 9STKIeHMaMHH- 
TeTpaaletTata Ha HakolvieHue 
PasJIMUHbIX PpadwousoTonoB 3. 
BOAHOrO = pacTBopa NHABKaMH 
H KOMApaMy 50.2) yo <1 ieee eae 
E. Wyapman. O6 uutTeHcuBHOCTH 
2KHPOHAKONJeHHA y a30BCKOH 
XaMCbI . 
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I. Bun6epr u b. JI. Kanep. Cpas- 
HUTeJIbHOe HCCAEAOBaHNe NepBuUHON 
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WaMu. . WEG A Oe ee 
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H. Coanatosa u E. Il. Typnaera. 
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cka Teredo navalis L. u muoroute- 
THHKOBOTO yepBa Mercierella 
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M. Kamumusos. Ilutanve rpe6xe- 
puka Beroe cucumis Fabr. 
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®. Tayse, VT. B. Kouetkopa u 
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. H. Wanomnnxos u E. H. Konmparpera. 


Vcnompsopanve ypnypHbiMu Oak- 


TepHuaAMu Rhodopseudomonas 
palustris Cy, — Cs — CO 
CKHX KHCJOT . 


XXXII. BHODUBHKA 


M. Bacunbes, E. WH. Macnosa u 
O. HW. Mapcerosa. Jlelictaue oueHb 
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BbICOKHX AO3 PeHTTeHOBCKOrO 
o6sy4eHHA Ha Coflepx#kaHHe aMHHO- 


KHCJIOT, Oe@IKOB H HYKJICHHOBbIX 
KHCJIOT B paCTeHHAX  MMCHHIbI 
A. Tumodeesa-PecoscKan u 
H. B. Tumodees-Pecosckun. 


O BAMAHHH 9THIeHAMAMHHTeTpa- 
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HaOm1oyqeHHH . . . Pater hsigarettets 
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KAHH Cis oe Rd Goer ree advan eet magne 
A. Baromenqbespy. K  sompocy 
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KI@HHOBOH KHCJIOTHIy . .. . 

B. BoabkenwTeiu. Craructaueckas 
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DPOB Mae. 

A. TuontKoscknit 1 P. HU. Kpyrau- 
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Ha COCTOAHHe yHKUMH BbICWIMX 
OTZeNOB UeHTPpalbHOM HePBHOH 
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. HW. Wanupo u H. B. Beauynna. An- 


THOHOTHKH KaK BelULeCTBa, H3MCHAIO- 
me sPeKTHBHOCTh JyueBOrO BO3- 
J@HUCTBMA Ha KJIeTKH ...... 
JI. Cmupuos. V3meneuue B Helipo- 
HaX IPH BO3eHCTBHHM WOHH3Kpyio- 
mero HW3yueHHA . . 

WM. Hywxgun, M. J. Nomepanuesa 
u H. H. Ky3nHenosa. Tlospnuenne 
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Je@HCTBHIO HOHH3Hpylolle paqualuu 
B pesyJbTaTe MpeqBapuTenbHoro 
PeHTreHOBCKOrO OOyueHHA . . . 


MW. Cnepanckas. Tpuranomanusa 
I. Crosuopa, T. A. Hekpacosa 
u A. JI. Saityec. MUccnezosanue 


KOJareHa BO BJlaxKHOM COCTOAHHH 
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KOINareH MOHM3Hpyloulero u3syue- 
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XXXII. BHOXHMHA 


H. Werpopa u H. ®. T[Mucapenko. 
Visyuenne tTpancraukosusa3 Hedoc- 
(opuTHYeCKOrO THNa B CKeqeT- 
HBIX MBIUM[axX . . ne : 
M. Qmanyaib u T. 9. JIunatosa. 
YMeHbIeHHe KOIM4eCTBa CBOOOLHEIX 
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paquKaJoB B KUeTKAaX aclMTHOrO 


paka Opauxa mpH Bo3s,eiCTBHH 
mponwarainatTa . . . s+ +s - 
3. Bapauosa, [. A. JeGopuH u 
A. WM. Onapun. Bauanue JLHK ua 
SH3MMaTHYecKoe jeHCTBHe  lala- 


HHa MW Jeruspasbl Dee ae 
HOBOrO asbderuya . . 

M. Omanyap u E. A. Heiibax. Tlo- 
WapsleHue TJIMKONH3a B paKOBBbIX 
KieTKaX pH BO3eHCTBHH Mpo- 
TIMUR Agia Tas ace ee ee 
M. Aroma. O mpoHukHOBeHHH He- 
KOTOPbIX CaXapOB B KJI€TKH TKaHe- 
BHK? KYIETVp se eee ee 
H. Yoyues, P. M. Pordapod u 
A. A. Ula. K sompocy o Bo3- 
MOXHOCTH Tepexoya xsopoduaia 
a B xmopodusa b B mpomecce Oxo- 
churesg SO VS We ee ee 
C. Kyaaes, A. H. Beasosepckun, 
M. C. Kpnuxui u H. A. Koxypnua. 
O momudocatax m0,OBbIX Tel 
IaMMHHbOHOB HM CTpO4KOB ... . 
H. Satuesa, Jin WU3tonb WH 4 
A. H. Besosepcku. Wsyuenne 
KUCJIOTOPp aCTBOPHMBIX Hy KJI€OTH- 
nos Azotobacter vinelandii B 3a- 
BHCHMOCTH OT BO3paCTa KYJIbTYPbI 
HM a30THCTOrO KOMMOHEHTa Cpebl 
®. Cokxouos. Buoxumuyeckue u3Me- 
HeHHA B COCTaBe opraHHyecKoro 
BeLeCTBa JIECHOrO ONafla pu pa3vio- 
IKCHWH 05 as ae Ice one eee ee 
Il. Kok. Bauaune mnponnaran- 
JlaTa Ha KOHUeCHTpallHio HYKJIeHHO- 
BbIX KHCJIOT B 3NOPOBbIX MH 3apaxKeH- 


HbIX BHPyCOM KYKOJIKaxX yOoBoro 


wemkonupaga .. . 
JI. Kperosuy u 9. Taasc. Cunres 
AaMHMHOKUCAOT M3 WaBeeBOyKCyCHoli 
HW MMPOBHHOrpaRHOK KHCIOT B Mpo- 
pocTkax AUuMeHA . . 


JI. B. Mexaep, H. H. Jlanresa, Tl. B. ao: 


XXXITII. 


3opckuh u T. HW. Banesuna. O xu- 
MM4UeCKHX H OHOJOPHUeCKHX CBOLICT- 
Bax TapakceuHa — TOKCHY¥eCKOrO 
OeKa CbIBOPOTKH KPOBH GOOJIbHBIX 
wM3soppeHweH . .  . 


lr. M. o6ppimnun. O saKxonomepHoctax 


@opMupopaHua moOera y HeKOTO- 
PELXs SUAKOB\ © ce oweliseme teem 


A.\H. Caaqkos. O HEKOTOPBIX uCKomae- 


XXXIV. AHATOMH#A, PACTEHHH}] 


M. 


MBIX cClopax manopoTHuKoobpas- 
oho Oe ee ey ss) Sao a io 
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H. QWouyxuna. O xapaxtepe pocta 
Me*KIOY3JIMH y MUWICHHIbI MW pxKu . . 


XXXV. QKOJOTHA PACTEHHH 


T. 


B. 


A. Pa6otHos. O daopncruueckoit 
re pee ae TOJIHOUCHHOCTH 
IL€HO3OB .« 

Il. Jlanpikun u 'B. its “Benenko. 
O reorpaduyeckoli H3MCHYHBOCTH 
ONTHYeCKHX CBOHCTB JIMCTbeB pa- 
CTCHHIE’ 2k 94S 
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B. MI. bBeabKos. Hexotoppie s3aKouo- 
MepHOCTH pa3BHTHA %XHBOrTO  O- 
KpoBa Ha BbIpyOKax oe AEROS 


Cc. A. AgmupanbceKas. OnsnogoTsopenne, 
PasBHTHe 3apoOJbllla u 9HJocMepma 
y aMONOAUMNIONAHON PopMbI Mepeu- 
| HoH mats! (Mentha piperita L.) 
M. WH. Caspuenko. AnomManua B cTpoe- 
HHH Ce€MAMOUeCK MOKPbITOCeMeHHBIX 
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3allHnu Shs Soe TES 

H. A. Kosnopa, E. SA. Epmonaesa u 
Il. Bayka. Bausnnue rugzpa3uza 
MaJICHHOBOH KUWCJIOTbI Ha Ipere- 
Hue MepHvibl MaCIMUHOl B ee 
BUAX JWIMHHOTO JHA . 

A. A. Kepxusos. Bpimetpipanne u “Tu10- 
OHOWeHHe UYMH3bI Np HeMpepplB- 
HOM OCBeLLeHHH. . 

T. @. Aunypeesa A. B. Bousapenko, 
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BausHwe cpeTa Ha oOpa30BpaHne 
a30THCTHIX IIpOLyKTOB B 3€JeHbIX 
JMCTbAX MW MHCTbAX, JIMIWIeHHBIX 
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E. WH. Munna. K Bonipocy— ) (pusnono- 
TuyueCKOH poOuM MOWHOLeHa B  pa- 
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ou Ask Epemees. Poer MOrowlaroulAx 
KOPHel JIPCBECHBIX TVIOMOBbIX pa- 
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f. Bb. Epmusos u JI. 41. llapaes. Tiponyk- 
THBHOCTh paOOTbI JIMCTbeB H oe 
pacTeHuH kyKypy3bl 
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IIpH HE€KOPHeBbIX MOAKOPMKAaX . 
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BUTHA HW 3HMOCTOMKOCTb HeKOTOPBIX 
APOBbIX COPTOB MUICHHIbI B CBA3H 
Cex Beebe a CABHeCKOn pes 
Her 

B. W. Ecpxun. Aprounan  Mopo30croli- 
KOCTb pacTeHHlt 2 SOB OPS 
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